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FIGURE 7 
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FIGURE 8 
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FIGURE 9 
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FIGURE 13 
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FIGURE 19 
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FIGURE 22 
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FIGURE 23 
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FIGURE 27 
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FIGURE 29 
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FIGURE 32 

Screening Dyes 

FIGURE 33 

Use of Polymer For Nerve Agent Detoxification 

e - e 
eventer 



Patent Application Publication Mar. 11 , 2021 Sheet 28 of 62 US 2021/0072251 A9 

FIGURE 34 

H H H R2 

-N C N - C C 

RA ?? 

Amino acid 1 Amino acid 2 

FIGURE 35 

Mask for beads Syringe with frit 
traps beads 

Fluorescent Image 
of beads 

Tentagel beads 
immobilized 
with dye or 
fluorescent peptide 

NHS 
NH2 

NH2 AL SUN DaziaWON fluorescent intensity 
Normalized radial profile 

Area under curve Solvents exchanged 
and beads incubated 

Radial intensity profile 
of all beads 



Patent Application Publication Mar. 11 , 2021 Sheet 29 of 62 US 2021/0072251 A9 

FIGURES 36A - B 

100 

( a ) 50 

' 1 YTON 
Allo 475 381 34 34 Alto 647 Atto 6 : 47N 

Cys Hälyte 647 Napt fluorazcaini ARO 555 * BODIPY FL Alexa fuor 555 Fhotamine 6G Rivariine B Tetamethy : Podarsing Alexa fiuor 647 Aluxa fluor 600 

Atto647N 

Fluorescence Channels 

FIGURE 37 

Fluorophore 

functional 
handle 

-carboxylate hydrazide isothiocyanate 

functiona 

on bead 

2 
Negative control 



Patent Application Publication Mar. 11 , 2021 Sheet 30 of 62 US 2021/0072251 A9 

FIGURES 38A - B 

( a ) 

T 

Fluorescence Charinss ( b ) Cosms 10 g save ! ) 

FIGURE 39 

G 

* R 

Thodamine core C 



Patent Application Publication Mar. 11 , 2021 Sheet 31 of 62 US 2021/0072251 A9 

FIGURES 40A - B 

( a ) ( b ) TRITC 

M 

w 



Patent Application Publication Mar. 11 , 2021 Sheet 32 of 62 US 2021/0072251 A9 

FIGURES 41A - B 

( fmoc ) 
( fmoc ) 
( fmoc ) 

G 
xos from 

de Block Edman 

( b ) 

( moc ) -GKA 



Patent Application Publication Mar. 11 , 2021 Sheet 33 of 62 US 2021/0072251 A9 

FIGURES 42A - B 

( a ) F3C 
H3N ?? 

NH SH 

OIZ ZI OH 
' IZ ' N 

H IZ 
NH? 

F3C . say OH 
OH 

1 

( b ) + 
HO 

NH3 CF3 OH 

' N 
IZ 

ZI 
ZI ZI 

IZ IZ NH3 

HN OH CF3 

2 



Patent Application Publication Mar. 11 , 2021 Sheet 34 of 62 US 2021/0072251 A9 

FIGURE 43 
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FIGURE 44 
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FIGURE 46C 
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FIGURE 46H , Continued 
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SINGLE MOLECULE PEPTIDE 
SEQUENCING 

[ 0001 ] This application is a continuation of U.S. applica 
tion Ser . No. 15 / 510,962 , filed Mar. 13 , 2017 , as a national 
phase application under 35 U.S.C. § 371 of International 
Application No. PCT / US15 / 50099 , filed Sep. 15 , 2015 , 
which claims the benefit of priority to U.S. Provisional 
Application No. 62 / 050,462 , filed on Sep. 15 , 2014 , the 
entire contents of each of which are incorporated herein by 
reference . 
[ 0002 ] This invention was made with government support 
under Grant no . GM106408 awarded by the National Insti 
tutes of Health and Grant no . N66001-14-2-4051 awarded 
by the Office of Naval Research . The government has certain 
rights in the invention . 

acids and identified by chromatographic comparison with 
known dinitrophenyl derivatives of the different amino 
acids . 

[ 0007 ] Sanger's method has been largely supplanted by 
more sensitive and efficient procedures . An example of one 
such method employs the labeling reagent 1 - dimethylami 
noaphthalene - 5 - sulfonyl chloride ( dansyl chloride ) ( FIG . 2 ) . 
Since the dansyl group is highly fluorescent , dansyl deriva 
tives of the N - terminal amino acid can be detected and 
measured in minute amounts by fluorimetric methods . The 
dansyl procedure is 100 times more sensitive that the Sanger 
method . 

FIELD OF THE INVENTION 

[ 0003 ] The present invention relates to the field of iden 
tifying proteins and peptides , and more specifically large 
scale sequencing of single peptides in a mixture of diverse 
peptides at the single molecule level . The present invention 
also relates to methods for identifying amino acids in 
peptides , including peptides comprising unnatural amino 
acids . In one embodiment , the present invention contem 
plates labeling the N - terminal amino acid with a first label 
and labeling an internal amino acid with a second label . In 
some embodiments , the labels are fluorescent labels . In other 
embodiments , the internal amino acid is Lysine . In other 
embodiments , amino acids in peptides are identified based 
on the fluorescent signature for each peptide at the single 
molecule level . 

BACKGROUND OF THE INVENTION 

[ 0004 ] The development of Next Generation DNA 
sequencing methods for quickly acquiring genome and gene 
expression information has transformed biology . The basis 
of Next Generation 
[ 0005 ] DNA sequencing is the acquisition of large num 
bers ( millions ) of short reads ( typically 35-450 nucleotides ) 
in parallel . While nucleic acid mutations frequently underlie 
disease , these changes are most readily embodied by pro 
teins expressed in specific bodily compartments ( i.e. saliva , 
blood , urine ) that are accessible without invasive procedures 
such as biopsies . Unfortunately , a similar high - throughput 
method for the large - scale identification and quantitation of 
specific proteins in complex mixtures remains unavailable ; 
representing a critical bottleneck in many biochemical , 
molecular diagnostic and biomarker discovery assays . 
[ 0006 ] The first method for analysis of the N - terminal 
amino acid of polypeptides was described by Frederick 
Sanger , who demonstrated that the free unprotonated 
a - amino group of peptides reacts with 2,4 - dinitrofluoroben 
zene ( DNFB ) to form yellow 2,4 - dinitrophenyl derivatives 
( FIG . 1 ) . When such a derivative of a peptide , regardless of 
its length , is subjected to hydrolysis with 6 N HCl , all the 
peptide bonds are hydrolyzed , but the bond between the 
2,4 - dinitrophenyl group and the c - amino of the N - terminal 
amino acid is relatively stable to acid hydrolysis . Conse 
quently , the hydrolyzate of such a dinitrophenyl peptide 
contains all the amino acid residues of the peptide chain as 
free amino acids except the N - terminal one , which appears 
as the yellow 2,4 - dinitrophenyl derivative . This labeled 
residue can easily be separated from the unsubstituted amino 

[ 0008 ] The most widely used reaction for the sequential 
analysis of N - terminal residue of peptides is the Edman 
degradation method ( Edman , et al . “ Method for determina 
tion of the amino acid sequence in peptides ” , Acta Chem . 
Scand . 4 : 283-293 ( 1950 ) [ 1 ] , ( herein incorporated by ref 
erence ) . Edman degradation is a method of sequencing 
amino acids in a peptide wherein the amino - terminal residue 
is labeled and cleaved from the peptide without disrupting 
the peptide bonds between other amino acid residues ( FIG . 
3 ) . In the Edman procedure phenylisothiocyanate reacts 
quantitatively with the free amino group of a peptide to yield 
the corresponding phenylthiocarbamoyl peptide . On treat 
ment with anhydrous acid the N - terminal residue is split off 
as a phenylthiocarbamoyl amino acid , leaving the rest of the 
peptide chain intact . The phenylthiocarbomyl amino acid is 
then cyclized to the corresponding phenylthiohydantin 
derivative , which can be separated and identified , usually by 
gas - liquid chromatography . Alternatively , the N - terminal 
residue removed as the phenylthiocarbamoyl derivative can 
be identified simply by determining the amino acid compo 
sition of the peptide before and after removal of the N - ter 
minal residue ; called the subtractive Edman method . The 
advantage of the Edman method is that the rest of the peptide 
chain after removal of the N - terminal amino acid is left 
intact for further cycles of this procedure ; thus the Edman 
method can be used in a sequential fashion to identify 
several or even many consecutive amino acid residues 
starting from the N - terminal end . Edman and Begg have 
further exploited this advantage by utilizing an automated 
amino acid " sequenator " for carrying out sequential degra 
dation of peptides by the phenylisothiocyanate procedure 
( Eur . J. Biochem . 1 : 80-91 , ( 1967 ) [ 2 ] , ( herein incorporated 
by reference ) . In one embodiment , such automated amino 
acid sequencers permit up to 30 amino acids to be accurately 
sequenced with over 99 % efficiency per amino acid ( Niall et 
al . “ Automated Edman degradation : the protein sequenator ” . 
Meth . Enzymol . 27 : 942-1010 , ( 1973 ) [ 3 ] , ( herein incorpo 
rated by reference ) . 
[ 0009 ] A drawback to Edman degradation is that the 
peptides being sequenced cannot have more than 50 to 60 
( more practically fewer than 30 ) amino acid residues . The 
sequenced peptide length is typically limited due to the 
increase in heterogeneity of the product peptides with each 
Edman cycle due to cyclical derivitization or cleavage 
failing to proceed to completion on all peptide copies . 
Furthermore , since Edman degradation proceeds from the 
N - terminus of the protein , it will not work if the N - terminal 
amino acid has been chemically modified or if it is concealed 
within the body of the protein . In some native proteins the 
N - terminal residue is buried deep within the tightly folded 
molecule and is inaccessible . Edman degradation typically is 
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performed only on denatured peptides or proteins . Intact , 
folded proteins are seldom ( if at all ) subjected to Edman 
sequencing . 
[ 0010 ) Importantly , the current automated peptide 
sequencers that perform Edman degradation cannot 
sequence and identify individual peptides within the context 
of a mixture of peptides or proteins . What is thus needed is 
a rapid method for identifying and quantitating individual 
peptide and / or protein molecules within a given complex 
sample . 

SUMMARY OF THE INVENTION 

[ 0011 ] The present invention relates to the field of iden 
tifying proteins and peptides , and more specifically large 
scale sequencing of single peptides in a mixture of diverse 
peptides at the single molecule level . The present invention 
also relates to methods for identifying amino acids in 
peptides , including peptides comprising unnatural amino 
acids . In one embodiment , the present invention contem 
plates labeling the N - terminal amino acid with a first label 
and labeling an internal amino acid with a second label . In 
some embodiments , the labels are fluorescent labels . In other 
embodiments , the internal amino acid is Lysine . In other 
embodiments , amino acids in peptides are identified based 
on the fluorescent signature for each peptide at the single 
molecule level . 
[ 0012 ] The present invention relates to the field of iden 
tifying proteins and peptides , and more specifically large 
scale sequencing ( including but not limited to partial 
sequencing ) of single intact peptides ( not denatured ) in a 
mixture of diverse peptides at the single molecule level by 
selective labeling amino acids on immobilized peptides 
followed by successive cycles of labeling and removal of the 
peptides ' amino - terminal amino acids . The methods of the 
present invention are capable of producing patterns suffi 
ciently reflective of the peptide sequences to allow unique 
identification of a majority of proteins from a species ( e.g. 
the yeast and human proteomes ) . 
[ 0013 ] In one embodiment , the present invention provides 
a massively parallel and rapid method for identifying and 
quantitating individual peptide and / or protein molecules 
within a given complex sample . 
[ 0014 ] In one embodiment , the present invention provides 
a method of labeling of a peptide , comprising , a ) providing , 
i ) a peptide having at least one Cysteine amino acid , at least 
one Lysine amino acid , an N - terminal end , an amino acid 
having at least one carboxylate side group , a C - terminal end , 
and at least one Tryptophan amino acid , and ii ) a first 
compound , iii ) a second compound , iv ) a third compound , v ) 
a fourth compound , and vi ) a fifth compound ; and b ) 
labeling said Cysteine with said first compound , c ) labeling 
said Lysine with said second compound , d ) labeling said 
N - terminal end with said third compound , e ) labeling said 
carboxylate side group and said C - terminal end with said 
fourth compound ; and f ) labeling said Tryptophan with said 
fifth compound for providing a peptide having specific 
labels . In one embodiment , steps b - f are sequential in order 
from b - f . In one embodiment , the labeling in steps b - f is 
performed in one ( a single ) solution . In one embodiment , 
steps b - f are sequential in order from b - f and performed in 
one solution . In one embodiment , said first compound is 
iodoacetamide . In one embodiment , said second compound 
is 2 - methylthio - 2 - imadazoline hydroiodide ( MDI ) . In one 
embodiment , said third compound is 1- ( 4,4 - dimethyl - 2,6 

dioxocyclohexylidene ) -3 - methylbutyl diethyl phosphate 
( Phos - ivDde ) . In one embodiment , said fourth compound is 
selected from the group consisting of benzylamine ( BA ) , 
3 - dimethylaminopropylamine , and isobutylamine . In one 
embodiment , said fifth compound is 2,4 - dinitrobenzene 
sulfenyl chloride . In one embodiment , the method further 
comprises a step of attaching said peptide to a solid support 
for immobilization of said peptide . In one embodiment , the 
peptide is attached to said solid support at its C - terminal end . 
In one embodiment , the method further comprises a step of 
treating said immobilized peptides under conditions such 
that each N - terminal amino acid of each peptide is removed 
by an Edman degradation reaction ; and a step of detecting 
the signal for each peptide at the single molecule level . In 
one embodiment , said label is attached to a fluorophore by 
a covalent bond . In one embodiment , said fluorophore and 
said covalent bond is resistant to degradation effects when 
incubated in an Edman degradation reaction solvent . It is not 
meant to limit the fluorophore . In fact , any fluorophore that 
remains intact and attached to said label during Edman 
degradation sequencing would find use in the present inven 
tions . Including , but not limited to tetramethylrhodamine , 
Si - Rhodamine , Rhodamine B , Rhodamine B N , N ' - dimethy 
lethylenediamine , Rhodamine B sulfenyl chloride , 
Alexafluor555 , Alexa Fluor 405 , Atto647N , ( 5 ) 6 - naptho 
fluorescein , variants and derivations thereof , etc. In one 
embodiment , said fluorophore is selected from the group 
consisting of tetramethylrhodamine , Si - Rhodamine , Rhod 
amine B , Rhodamine B N , N - dimethylethylenediamine , 
Rhodamine B sulfenyl chloride , Alexafluor555 , Alexa Fluor 
405 , Atto647N , ( 5 ) 6 - napthofluorescein , variants and deriva 
tions thereof . 

[ 0015 ] In one embodiment , the present invention provides 
a method of solution phase labeling of a peptide , compris 
ing , a ) providing , i ) a peptide having at least one Cysteine 
amino acid , ii ) a first compound , and b ) labeling said 
Cysteine with said first compound for providing a peptide 
having a specific label . In one embodiment , said peptide has 
at least one Lysine amino acid , further providing a second 
compound , and comprising a step c ) labeling said Lysine 
with said second compound . In one embodiment , said pep 
tide has an N - terminal end , further providing a third com 
pound , and comprising a step d ) labeling said N - terminal 
end with said third compound . In one embodiment , said 
peptide has an amino acid having at least one carboxylate 
side group and a C - terminal end , further providing a fourth 
compound , and comprising a step e ) labeling said carboxy 
late side group and said C - terminal end with said fourth 
compound . In one embodiment , said peptide has at least one 
Tryptophan amino acid , further providing a fifth compound , 
and comprising a step f ) labeling said Tryptophan with said 
fifth compound for providing a peptide having specific 
labels . In one embodiment , the method further comprises a 
step of attaching said peptide to a solid support for immo 
bilization of said peptide . In one embodiment , the peptide is 
attached to said solid support at its C - terminal end . In one 
embodiment , the method further comprises a step of treating 
said immobilized peptides under conditions such that each 
N - terminal amino acid of each peptide is removed by an 
Edman degradation reaction ; and a step of detecting the 
signal for each peptide at the single molecule level . In one 
embodiment , said label is attached to a fluorophore by a 
covalent bond . In one embodiment , said fluorophore and 
said covalent bond is resistant to degradation effects when 
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incubated in an Edman degradation reaction solvent . It is not 
meant to limit the fluorophore . In fact , any fluorophore that 
remains intact and attached to said label during Edman 
degradation sequencing would find use in the present inven 
tions . Including , but not limited to tetramethylrhodamine , 
Si - Rhodamine , Rhodamine B , Rhodamine B N , N - dimethy 
lethylenediamine , Rhodamine B sulfenyl chloride , 
Alexafluor555 , Alexa Fluor 405 , Atto647N , ( 5 ) 6 - naptho 
fluorescein , variants and derivations thereof , etc. In one 
embodiment , said fluorophore is selected from the group 
consisting of tetramethylrhodamine , Si - Rhodamine , Rhod 
amine B , Alexafluor555 , Alexa Fluor 405 , Atto647N , ( 5 ) 6 
napthofluorescein , variants and derivations thereof . 
[ 0016 ] In one embodiment , the present invention provides 
a method of immobilizing peptides the C - terminus , com 
prising , a ) providing , i ) a peptide having a C - terminus 
capable of forming a covalent bond and a blocked N - termi 
nus , and ii ) a solid support , and b ) immobilizing said peptide 
to said solid support at said C - terminus by said covalent 
bond . In one embodiment , said peptide does not have a 
fluorophore label . In one embodiment , said peptide has at 
least one type of fluorophore label . In one embodiment , said 
solid support has an amine functional group . In one embodi 
ment , said solid support has a thiol functional group . In one 
embodiment , said solid support is selected from the group 
consisting of a resin , a bead and a glass surface . In one 
embodiment , said solid support is coated with a polyethyl 
ene glycol polymer . In one embodiment , said blocked N - ter 
minus is blocked by fluorenylmethoxycarbonyl ( fmoc ) . In 
one embodiment , said peptides have at least one internal 
amino acid comprising a side group capable of forming a 
covalent bond with said solid support . It is not intended to 
limit said internal amino acid to any particular amino acid . 
In fact , any internal amino acid whose side group is capable 
of forming a covalent bond with said solid substrate may 
find use in this invention , including but limited to a cysteine , 
a glutamic acid , an aspartic acid , and the like . In one 
embodiment , said internal amino acid is selected from the 
group consisting of a cysteine , a glutamic acid , an aspartic 
acid . In one embodiment , said fluorophore label is attached 
to said peptide by a covalent bond . In one embodiment , said 
fluorophore and said covalent bond is resistant to degrada 
tion effects when incubated in an Edman degradation reac 
tion solvent . It is not meant to limit the fluorophore . In fact , 
any fluorophore that remains intact and attached to said label 
during Edman degradation sequencing would find use in the 
present inventions . Including , but not limited to tetrameth 
ylrhodamine , Si - Rhodamine , Rhodamine B , Rhodamine B 
N , N - dimethylethylenediamine , Rhodamine B sulfenyl chlo 
ride , Alexafluor555 , Alexa Fluor 405 , Atto647N , ( 5 ) 6 
napthofluorescein , variants and derivations thereof , etc. In 
one embodiment , said fluorophore is selected from the group 
consisting of tetramethylrhodamine , Si - Rhodamine , Rhod 
amine B , Alexafluor555 , Alexa Fluor 405 , Atto647N , ( 5 ) 6 
napthofluorescein , variants and derivations thereof . 
[ 0017 ] In one embodiment , the present invention provides 
a method of immobilizing peptides at the C - terminus , com prising , a ) providing , i ) a peptide having a C - terminus 
capable of forming a covalent bond and a blocked N - termi 
nus , and ii ) a solid support comprising a chemically modi 
fied surface , and b ) immobilizing said peptide to said solid 
support at said C - terminus under conditions wherein a 
covalent bond is made with said chemically modified sur 
face . In one embodiment , said chemically modified surface 

comprises an amine functional group . In one embodiment , 
the conditions of step b ) comprise mixing said solid support 
and said peptide in the presence of a cross - linking com 
pound . In one embodiment , said cross - linking compound 
comprises N - hydroxysulfosuccinimide . In one embodiment , 
the method further comprises a step c ) of treating said 
immobilized peptides under conditions such that each N - ter 
minal amino acid of each peptide is removed by an Edman 
degradation reaction ; and a step d ) of detecting the signal for 
each peptide at the single molecule level . In one embodi 
ment , said fluorophore label is attached to said peptide by a 
covalent bond . In one embodiment , said fluorophore and 
said covalent bond is resistant to degradation effects when 
incubated in an Edman degradation reaction solvent . It is not 
meant to limit the fluorophore . In fact , any fluorophore that 
remains intact and attached to said label during Edman 
degradation sequencing would find use in the present inven 
tions . Including , but not limited to tetramethylrhodamine , 
Si - Rhodamine , Rhodamine B , Rhodamine B N , N - dimethy 
lethylenediamine , Rhodamine B sulfenyl chloride , 
Alexafluor555 , Alexa Fluor 405 , Atto647N , ( 5 ) 6 - naptho 
fluorescein , variants and derivations thereof , etc. In one 
embodiment , said fluorophore is selected from the group 
consisting of tetramethylrhodamine , Si - Rhodamine , Rhod 
amine B , Alexafluor555 , Alexa Fluor 405 , Atto647N , ( 5 ) 6 
napthofluorescein , variants and derivations thereof . 
[ 0018 ] In one embodiment , the present invention contem 
plates a method of treating peptides , comprising : a ) provid 
ing a plurality of peptides immobilized on a solid support , 
each peptide comprising an N - terminal amino acid and 
internal amino acids , said internal amino acids comprising 
Lysine , each Lysine labeled with a label selected from the 
group consisting of Alexafluor dyes and Atto dyes , and said 
label producing a signal for each peptide ; b ) treating said 
plurality of immobilized peptides under conditions such that 
each N - terminal amino acid of each peptide is removed by 
an Edman degradation reaction ; and c ) detecting the signal 
for each peptide at the single molecule level . A variety of 
Alexafluor dyes , Atto dyes and Rhodamine dye derivatives 
are contemplated ( as well as other dyes used in conjunction 
with Alexafluor dyes and Atto dyes ) . In a preferred embodi 
ment , the Alexafluor dye is Alexafluor555 . In one embodi 
ment , the Atto dye is Atto647N . In one embodiment , the Atto 
dye is Atto655 . In one preferred embodiment , the Rhod 
amine dye derivative is tetramethylrhodamine . In one 
embodiment , the removal of said N - terminal amino acid in 
step b ) is done under conditions such that the remaining 
peptides each have a new N - terminal amino acid . In one 
embodiment , the method further comprises the step d ) 
removing the new N - terminal amino acid done under con 
ditions such that the remaining peptides each have a next 
N - terminal amino acid . In one embodiment , the method 
further comprises the step e ) detecting the next signal for 
each peptide at the single molecule level . It is not intended 
that the present invention be limited by the number of times 
the steps of the method are repeated . In one embodiment , the 
N - terminal amino acid removing step and the detecting step 
are successively repeated 10 times , more preferably 20 
times , or more ( even 50 times or more ) . It is contemplated 
that the repetitive detection of signal for each peptide at the 
single molecule level results in a pattern . It is further 
contemplated that the pattern is unique to a single - peptide 
within the plurality of immobilized peptides . In one embodi 
ment , the single - peptide pattern is compared to the proteome 
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of an organism to identify the peptide . In one embodiment , 
the intensity of said labels are measured amongst said 
plurality of immobilized peptides . In a preferred embodi 
ment , the peptides are immobilized via Cysteine residues . In 
a preferred embodiment , the detecting in step c ) is done with 
optics capable of single - molecule resolution . In a specific 
embodiment , one or more of said plurality of peptides 
comprises one or more unnatural amino acids . In one 
embodiment , said unnatural amino acids comprise moieties 
selected from the group consisting of hydroxycarboxylates , 
aldehydes , thiols , and olefins . In one embodiment , one or 
more of said plurality of peptides comprises one or more 
beta amino acids . 
[ 0019 ] In an alternative embodiment , the present invention 
contemplates a method of treating peptides , comprising : a ) 
providing a plurality of peptides immobilized on a solid 
support , each peptide comprising an N - terminal amino acid 
and internal amino acids , said internal amino acids com 
prising Lysine , each Lysine labeled with a first label , said 
first label producing a first signal for each peptide , and said 
N - terminal amino acid of each peptide labeled with a second 
label , said second label being different from said first label 
and selected from the group consisting of Alexafluor dyes 
and Atto dyes ; b ) treating said plurality of immobilized 
peptides under conditions such that each N - terminal amino 
acid of each peptide is removed by an Edman degradation 
reaction ; and c ) detecting the first signal for each peptide at 
the single molecule level . A variety of Alexafluor dyes and 
Atto dyes are contemplated ( as well as other dyes used in 
conjunction with Alexafluor dyes and Atto dyes ) . In a 
preferred embodiment , the Alexafluor dye is Alexafluor555 . 
In one embodiment , the Atto dye is Atto647N . In one 
embodiment , the Atto dye is Atto655 . In a preferred embodi 
ment , the emission spectrum of said first label do not overlap 
with the emission spectrum of said second label . In a 
preferred embodiment , the removal of said N - terminal 
amino acid in step b ) is done under conditions such that the 
remaining peptides each have a new N - terminal amino acid . 
In one embodiment , the method further comprises the step 
d ) adding said second label to said new N - terminal amino 
acids of the remaining peptides . It is contemplated that , 
among the remaining peptides , the new end terminal amino 
acid is Lysine . In one embodiment , the method further 
comprises the step e ) detecting the next signal for each 
peptide at the single molecule level . It is not intended that 
the present invention be limited to a precise number of 
repetitions of the steps of the method . However , in one 
embodiment , the N - terminal amino acid removing step , the 
detecting step , and the label adding step to a new N - terminal 
amino acid are successively repeated 10 time , more prefer 
ably 20 times or more ( even 50 times or more ) . It is 
contemplated that the repetitive detection of signal for each 
peptide at the single molecule level results in a pattern . It is 
further contemplated that the pattern is unique to a single 
peptide within the plurality of immobilized peptides . It is 
still further contemplated that the single - peptide pattern is 
compared to the proteome of an organism to identify the 
peptide . In one embodiment , the intensity of said first and 
second labels are measured amongst said plurality of immo 
bilized peptides . In a preferred embodiment , the peptides are 
immobilized via Cysteine residues . In a preferred embodi 
ment , the detecting in step c ) is done with optics capable of 
single - molecule resolution . In one embodiment , one or more 
of said plurality of peptides comprises one or more unnatural 

amino acids . A variety of unnatural amino acids are con 
templated . In one embodiment , said unnatural amino acids 
comprises moieties selected from the group consisting of 
hydroxycarboxylates , aldehydes , thiols , and olefins . In one 
embodiment , one or more of said plurality of peptides 
comprises one or more beta amino acids . 
[ 0020 ] The present invention also contemplates in one 
embodiment , a method of treating peptides , comprising : a ) 
providing i ) a plurality of peptides immobilized on a solid 
support , each peptide comprising an N - terminal amino acid 
and internal amino acids , said internal amino acids com 
prising Lysine , each Lysine labeled with a first label , said 
first label producing a first signal for each peptide , and said 
N - terminal amino acid of each peptide labeled with a second 
label , said second label being different from said first label 
and selected from the group consisting of Alexafluor dyes 
and Atto dyes , and ii ) an optical device capable of detecting 
said first collective signal for each peptide at the single 
molecule level ; b ) treating said plurality of immobilized 
peptides under conditions such that each N - terminal amino 
acid of each peptide is removed by an Edman degradation 
reaction , and c ) detecting the first signal for each peptide at 
the single molecule level with said optical device . 
embodiment , portions of the emission spectrum of said first 
label do not overlap with the emission spectrum of said 
second label . In one embodiment , the removal of said 
N - terminal amino acid in step b ) is done under conditions 
such that the remaining peptides each have a new N - terminal 
amino acid . In one embodiment , the method further com 
prises the step d ) adding said second label to said new 
N - terminal amino acids of the remaining peptides . In one 
embodiment , it is contemplated that , among the remaining 
peptides , the new end terminal amino acid is Lysine . In one 
embodiment , the method further comprises the step e ) 
detecting the next signal for each peptide at the single 
molecule level . It is not intended that the present invention 
be limited to the precise number of times the steps are 
repeated . However , in one embodiment , the N - terminal 
amino acid removing step , the detecting step , and the label 
adding step to a new N - terminal amino acid are successively 
repeated 10 times , and more preferably 20 times or more 
( even 50 times or more ) . It is preferred that the repetitive 
detection of signal for each peptide at the single molecule 
level results in a pattern . It is preferred that the pattern is 
unique to a single - peptide within the plurality of immobi 
lized peptides . In one embodiment , the single - peptide pat 
tern is compared to the proteome of an organism to identify 
the peptide . In one embodiment , the intensity of said first 
and second labels are measured amongst said plurality of 
immobilized peptides . It is preferred that the peptides are 
immobilized via Cysteine residues . In one embodiment , one 
or more of said plurality of peptides comprises one or more 
unnatural amino acids . A variety of unnatural amino acids 
are contemplated . In one embodiment , said unnatural amino 
acids comprises moieties selected from the group consisting 
of hydroxycarboxylates , aldehydes , thiols , and olefins . In 
one embodiment , one or more of said plurality of peptides 
comprises one or more beta amino acids . 
[ 0021 ] The present invention further contemplates in one 
embodiment a method of identifying amino acids in pep 
tides , comprising : a ) providing a plurality of peptides immo 
bilized on a solid support , each peptide comprising an 
N - terminal amino acid and internal amino acids , said inter 
nal amino acids comprising Lysine , each Lysine labeled with 
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a first label , said first label producing a first signal for each 
peptide , and said N - terminal amino acid of each peptide 
labeled with a second label , said second label being different 
from said first label and selected from the group consisting 
of Alexafluor dyes and Atto dyes , wherein a subset of said 
plurality of peptides comprise an N - terminal Lysine having 
both said first and second label ; b ) treating said plurality of 
immobilized peptides under conditions such that each N - ter 
minal amino acid of each peptide is removed by an Edman 
degradation reaction ; and c ) detecting the first signal for 
each peptide at the single molecule level under conditions 
such that said subset of peptides comprising an N - terminal 
Lysine is identified . It is preferred that the removal of said 
N - terminal amino acid in step b ) is done under conditions 
such that the remaining peptides each have a new N - terminal 
amino acid . It is preferred that the peptides are immobilized 
via Cysteine residues . In one embodiment , one or more of 
said plurality of peptides comprises one or more unnatural 
amino acids . A variety of unnatural amino acids are con 
templated . In one embodiment , said unnatural amino acids 
comprise moieties selected from the group consisting of 
hydroxycarboxylates , aldehydes , thiols , and olefins . In one 
embodiment , one or more of said plurality of peptides 
comprises one or more beta amino acids . 
[ 0022 ] The present invention further contemplates in one 
embodiment , a method of identifying amino acids in pep 
tides , comprising : a ) providing a plurality of peptides immo 
bilized on a solid support , each peptide comprising an 
N - terminal amino acid and internal amino acids , said inter 
nal amino acids comprising Lysine , each Lysine labeled with 
a first label , said first label producing a first signal for each 
peptide , and said N - terminal amino acid of each peptide 
labeled with a second label , said second label being different 
from said first label and selected from the group consisting 
of Alexafluor dyes and Atto dyes , wherein a subset of said 
plurality of peptides comprise an N - terminal acid that is not 
Lysine ; b ) treating said plurality of immobilized peptides 
under conditions such that each N - terminal amino acid of 
each peptide is removed by an Edman degradation reaction ; 
and c ) detecting the first signal for each peptide at the single 
molecule level under conditions such that said subset of 
peptides comprising an N - terminal amino acid that is not 
Lysine is identified . It is preferred that the removal of said 
N - terminal amino acid in step b ) is done under conditions 
such that the remaining peptides each have a new N - terminal 
amino acid . It is preferred that the peptides are immobilized 
via Cysteine residues . In one embodiment , one or more of 
said plurality of peptides comprises one or more unnatural 
amino acids . A variety of unnatural amino acids are con 
templated . In one embodiment , said unnatural amino acids 
comprises moieties selected from the group consisting of 
hydroxycarboxylates , aldehydes , thiols , and olefins . In one 
embodiment , one or more of said plurality of peptides 
comprises one or more beta amino acids . 
[ 0023 ] The present invention further contemplates in one 
embodiment a method of screening and sequencing poly 
mers comprising unnatural amino acid monomers , compris 
ing : a ) providing a plurality of polymers , each polymer 
comprising one or more unnatural amino acids ; b ) exposing 
said polymers to a target , wherein a portion of said polymers 
bind to said target ; and c ) sequencing said polymers which 
bind to said target . It is preferred that said sequencing 
comprises the steps set forth in any of the methods of 
treating peptides described herein . 

[ 0024 ] In one embodiment , the invention relates to a 
method of treating peptides , comprising : a ) providing a 
plurality of peptides immobilized on a solid support , each 
peptide comprising an N - terminal amino acid and internal 
amino acids , said internal amino acids comprising Lysine , 
each Lysine labeled with a first label , said first label pro 
ducing a first signal for each peptide , and said N - terminal 
amino acid of each peptide labeled with a second label , said 
second label being different from said first label ; b ) treating 
said plurality of immobilized peptides under conditions such 
that each N - terminal amino acid of each peptide is removed ; 
and c ) detecting the first signal for each peptide at the single 
molecule level . In one embodiment , said second label is 
attached via an amine - reactive dye . In one embodiment , said 
second label is selected from the group consisting of fluo 
rescein isothiocyanate , rhodamine isothiocyanate or other 
synthesized fluorescent isothiocyanate derivative . In one 
embodiment , portions of the emission spectrum of said first 
label do not overlap with the emission spectrum of said 
second label . In one embodiment , the removal of said 
N - terminal amino acid in step b ) is done under conditions 
such that the remaining peptides each have a new N - terminal 
amino acid . In one embodiment , the method further com 
prises the step d ) adding said second label to said new 
N - terminal amino acids of the remaining peptides . In one 
embodiment , among the remaining peptides the new end 
terminal amino acid is Lysine . In one embodiment , the 
method further comprises the step e ) detecting the next 
signal for each peptide at the single molecule level . In one 
embodiment , the N - terminal amino acid removing step , the 
detecting step , and the label adding step to a new N - terminal 
amino acid are successively repeated from 1 to 20 times . In 
one embodiment , the repetitive detection of signal for each 
peptide at the single molecule level results in a pattern . In 
one embodiment , the pattern is unique to a single - peptide 
within the plurality of immobilized peptides . In one embodi 
ment , the single - peptide pattern is compared to the proteome 
of an organism to identify the peptide . In one embodiment , 
the intensity of said first and second labels are measured 
amongst said plurality of immobilized peptides . In one 
embodiment , the N - terminal amino acids are removed in 
step b ) by an Edman degradation reaction . In one embodi 
ment , the peptides are immobilized via Cysteine residues . In 
one embodiment , the detecting in step c ) is done with optics 
capable of single - molecule resolution . In one embodiment , 
the degradation step in which removal of second label 
coincides with removal of first label is identified . In one 
embodiment , said removal of the amino acid is measured in 
step b is measured as a reduced fluorescence intensity . 
[ 0025 ] In one embodiment , the invention relates to a 
method of treating peptides , comprising : a ) providing i ) a 
plurality of peptides immobilized on a solid support , each 
peptide comprising an N - terminal amino acid and internal 
amino acids , said internal amino acids comprising Lysine , 
each Lysine labeled with a first label , said first label pro 
ducing a first signal for each peptide , and said N - terminal 
amino acid of each peptide labeled with a second label , said 
second label being different from said first label , and ii ) an 
optical device capable of detecting said first collective signal 
for each peptide at the single molecule level ; b ) treating said 
plurality of immobilized peptides under conditions such that 
each N - terminal amino acid of each peptide is removed ; and 
c ) detecting the first signal for each peptide at the single 
molecule level with said optical device . In one embodiment , 
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said second label is attached via an amine - reactive dye . In 
one embodiment , said second label is selected from the 
group consisting of fluorescein isothiocyanate , rhodamine 
isothiocyanate or other synthesized fluorescent isothiocya 
nate derivative . In one embodiment , portions of the emission 
spectrum of said first label do not overlap with the emission 
spectrum of said second label . In one embodiment , the 
removal of said N - terminal amino acid in step b ) is done 
under conditions such that the remaining peptides each have 
a new N - terminal amino acid . In one embodiment , the 
method further comprises the step d ) adding said second 
label to said new N - terminal amino acids of the remaining 
peptides . In one embodiment , among the remaining peptides 
the new end terminal amino acid is Lysine . In one embodi 
ment , the method further comprises the step e ) detecting the 
next signal for each peptide at the single molecule level . In 
one embodiment , the N - terminal amino acid removing step , 
the detecting step , and the label adding step to a new 
N - terminal amino acid are successively repeated from 1 to 
20 times . In one embodiment , the repetitive detection of 
signal for each peptide at the single molecule level results in 
a pattern . In one embodiment , the pattern is unique to a 
single - peptide within the plurality of immobilized peptides . 
In one embodiment , the single - peptide pattern is compared 
to the proteome of an organism to identify the peptide . In 
one embodiment , the intensity of said first and second labels 
are measured amongst said plurality of immobilized pep 
tides . In one embodiment , the N - terminal amino acids are 
removed in step b ) by an Edman degradation reaction . In one 
embodiment , the peptides are immobilized via Cysteine 
residues . In one embodiment , the degradation step in which 
removal of second label coincides with removal of first label 
is identified . In one embodiment , said removal of the amino 
acid is measured in step b is measured as a reduced fluo 
rescence intensity . 
( 0026 ] In one embodiment , the invention relates to a 
method of identifying amino acids in peptides , comprising : 
a ) providing a plurality of peptides immobilized on a solid 
support , each peptide comprising an N - terminal amino acid 
and internal amino acids , said internal amino acids com 
prising Lysine , each Lysine labeled with a first label , said 
first label producing a first signal for each peptide , and said 
N - terminal amino acid of each peptide labeled with a second 
label , said second label being different from said first label , 
wherein a subset of said plurality of peptides comprise an 
N - terminal Lysine having both said first and second label ; b ) 
treating said plurality of immobilized peptides under con 
ditions such that each N - terminal amino acid of each peptide 
is removed ; and c ) detecting the first signal for each peptide 
at the single molecule level under conditions such that said 
subset of peptides comprising an N - terminal Lysine is 
identified . In one embodiment , the removal of said N - ter 
minal amino acid in step b ) is done under conditions such 
that the remaining peptides each have a new N - terminal 
amino acid . In one embodiment , the N - terminal amino acids 
are removed in step b ) by an Edman degradation reaction . In 
one embodiment , the peptides are immobilized via Cysteine 
residues . 
[ 0027 ] In one embodiment , the invention relates to a 
method of identifying amino acids in peptides , comprising : 
a ) providing a plurality of peptides immobilized on a solid 
support , each peptide comprising an N - terminal amino acid 
and internal amino acids , said internal amino acids com 
prising Lysine , each Lysine labeled with a first label , said 

first label producing a first signal for each peptide , and said 
N - terminal amino acid of each peptide labeled with a second 
label , said second label being different from said first label , 
wherein a subset of said plurality of peptides comprise an 
N - terminal acid that is not Lysine ; b ) treating said plurality 
of immobilized peptides under conditions such that each 
N - terminal amino acid of each peptide is removed ; and c ) 
detecting the first signal for each peptide at the single 
molecule level under conditions such that said subset of 
peptides comprising an N - terminal amino acid that is not 
Lysine is identified . In one embodiment , the removal of said 
N - terminal amino acid in step b ) is done under conditions 
such that the remaining peptides each have a new N - terminal 
amino acid . In one embodiment , the N - terminal amino acids 
are removed in step b ) by an Edman degradation reaction . In 
one embodiment , the peptides are immobilized via Cysteine 
residues . 

[ 0028 ] In one embodiment , the present invention contem 
plates a method of treating peptides , comprising providing a 
plurality of peptides immobilized on a solid support , each 
peptide comprising an N - terminal amino acid and internal 
amino acids , the internal amino acids comprising Lysine , 
each Lysine labeled with a first label , the first label produc 
ing a first signal for each peptide ( the strength of which will 
depend in part on the number of labeled Lysines for 
peptide ) , and the N - terminal amino acid of each peptide 
labeled with a second label , the second label being different 
from the first label ; treating the plurality of immobilized 
peptides under conditions such that each N - terminal amino 
acid of each peptide is removed ; and detecting the first signal 
for each peptide at the single molecule level . 
[ 0029 ] In one embodiment , the present invention contem 
plates a method of treating peptides , comprising providing a 
plurality of peptides immobilized on a solid support , each 
peptide comprising an N - terminal amino acid and internal 
amino acids , the internal amino acids comprising Lysine , 
each Lysine labeled with a first label , the first label produc 
ing a first signal for each peptide ( the strength of which will 
depend in part on the number of labeled Lysines for any one 
peptide ) , and the N - terminal amino acid of each peptide 
labeled with a second label , the second label being different 
from the first label , and an optical device capable of detect 
ing the first collective signal for each peptide at the single 
molecule level ; treating the plurality of immobilized pep 
tides under conditions such that each N - terminal amino acid 
of each peptide is removed ; detecting the first signal for each 
peptide at the single molecule level with the optical device . 
[ 0030 ] In one embodiment , the present invention contem 
plates a method of identifying amino acids in peptides , 
comprising providing a plurality of peptides immobilized on 
a solid support , each peptide comprising an N - terminal 
amino acid and internal amino acids , the internal amino 
acids comprising Lysine , each Lysine labeled with a first 
label , the first label producing a first signal for each peptide 
( the strength of which will depend in part on the number of 
labeled Lysines for any one peptide ) , and the N - terminal 
amino acid of each peptide labeled with a second label , the 
second label being different from the first label , wherein a 
subset of the plurality of peptides comprise an N - terminal 
Lysine having both the first and second label ; treating the 
plurality of immobilized peptides under conditions such that 
each N - terminal amino acid of each peptide is removed ; and 
detecting the first signal for each peptide at the single 
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molecule level under conditions such that the subset of 
peptides comprising an N - terminal Lysine is identified . 
[ 0031 ] In one embodiment , the present invention contem 
plates a method of identifying amino acids in peptides , 
comprising providing a plurality of peptides immobilized on 
a solid support , each peptide comprising an N - terminal 
amino acid and internal amino acids , the internal amino 
acids comprising Lysine , each Lysine labeled with a first 
label , the first label producing a first signal for each peptide 
( the strength of which will depend in part on the number of 
labeled Lysines for any one peptide ) , and the N - terminal 
amino acid of each peptide labeled with a second label , the 
second label being different from the first label , wherein a 
subset of the plurality of peptides comprise an N - terminal 
acid that is not Lysine ; treating the plurality of immobilized 
peptides under conditions such that each N - terminal amino 
acid of each peptide is removed ; and detecting the first signal 
for each peptide at the single molecule level under condi 
tions such that the subset of peptides comprising an N - ter 
minal amino acid that is not Lysine is identified . 
[ 0032 ] In one embodiment , the present invention contem 
plates a method of treating peptides , comprising providing a 
plurality of peptides immobilized on a solid support , each 
peptide comprising an N - terminal amino acid and internal 
amino acids , the internal amino acids comprising Lysine , 
each Lysine labeled with a first label , the first label produc 
ing a first signal ( e.g. green ) for each peptide , and the 
N - terminal amino acid of each peptide labeled with a second 
label , the second label being different from the first label , the 
second label providing a second signal ( e.g. red ) for each 
peptide , the first and second signals producing a collective 
signal ( e.g. red / green ) for each peptide ; detecting the second 
signal ( or the collective signal ) for each peptide at the single 
molecule level ; treating the plurality of immobilized pep 
tides under conditions such that each N - terminal amino acid 
of each peptide is removed ; and detecting the first signal for 
each peptide at the single molecule level . 
[ 0033 ] In one embodiment , the present invention contem 
plates a method of treating peptides , comprising providing a 
plurality of peptides immobilized on a solid support , each 
peptide comprising an N - terminal amino acid and internal 
amino acids , the internal amino acids comprising Lysine , 
each Lysine labeled with a first label , the first label produc 
ing a first signal ( e.g. green ) for each peptide , and the 
N - terminal amino acid of each peptide labeled with a second 
label , the second label being different from the first label , the 
second label providing a second signal ( e.g. red ) for each 
peptide , the first and second signals producing a collective 
signal ( e.g. red / green ) for each peptide , and an optical device 
capable of detecting the first and second signal ( i.e. either 
separately or collectively ) for each peptide at the single 
molecule level ; detecting the second signal ( or the collective 
signal ) for each peptide at the single molecule level with the 
optical device ; treating the plurality of immobilized peptides 
under conditions such that each N - terminal amino acid of 
each peptide is removed ; and detecting the first signal for 
each peptide at the single molecule level with the optical 
device . 
[ 0034 ] In one embodiment , the present invention contem 
plates a method of identifying amino acids in peptides , 
comprising providing a plurality of peptides immobilized on 
a solid support , each peptide comprising an N - terminal 
amino acid and internal amino acids , the internal amino 
acids comprising Lysine , each Lysine labeled with a first 

label , the first label producing a first signal ( e.g. green ) for 
each peptide , and the N - terminal amino acid of each peptide 
labeled with a second label , the second label being different 
from the first label , the second label providing a second 
signal ( e.g. red ) for each peptide , the first and second signals 
producing a collective signal ( e.g. red / green ) for each pep 
tide , wherein a subset of the plurality of peptides comprise 
an N - terminal Lysine having both the first and second label ; 
detecting the second signal ( or the collective signal ) for each 
peptide at the single molecule level ; treating the plurality of 
immobilized peptides under conditions such that each N - ter 
minal amino acid of each peptide is removed ; and detecting 
the first signal for each peptide at the single molecule level 
under conditions such that the subset of peptides comprising 
an N - terminal Lysine is identified . 
[ 0035 ] In one embodiment , the present invention contem 
plates a method of identifying amino acids in peptides , 
comprising providing a plurality of peptides immobilized on 
a solid support , each peptide comprising an N - terminal 
amino acid and internal amino acids , the internal amino 
acids comprising Lysine , each Lysine labeled with a first 
label , the first label producing a first signal ( e.g. green ) for 
each peptide , and the N - terminal amino acid of each peptide 
labeled with a second label , the second label being different 
from the first label , the second label providing a second 
signal ( e.g. red ) for each peptide , the first and second signals 
producing a collective signal ( e.g. red / green ) for each pep 
tide , wherein a subset of the plurality of peptides comprise 
an N - terminal acid that is not Lysine ; detecting the second 
signal ( or the collective signal ) for each peptide at the single 
molecule level ; treating the plurality of immobilized pep 
tides under conditions such that each N - terminal amino acid 
of each peptide is removed ; and detecting the first signal for 
each peptide at the single molecule level under conditions 
such that the subset of peptides comprising an N - terminal 
amino acid that is not Lysine is identified . 
[ 0036 ] In one embodiment , the present invention contem 
plates a method of sequencing peptides , comprising provid 
ing a sample comprising a plurality of peptides , a first label 
( for example a first fluorescent molecule ) , and a second label 
( for example , a second fluorescent molecule ) ; immobilizing 
the plurality of peptides on a solid support ; labeling every 
residue of a specific amino acid type in the plurality of 
immobilized peptides with the first label ; labeling the N - ter 
minal amino acids of the plurality of immobilized peptides 
with the second label ; removing the N - terminal amino acids 
of the plurality of immobilized peptides , and detecting the 
label ( for example , measuring the fluorescence intensity of 
the first and second fluorescent molecules ) for single - pep 
tides within the plurality of immobilized peptides . In one 
embodiment , the labeling and removing steps are succes 
sively repeated from 1 to 20 times . In one embodiment , the 
first and second labels are detected measuring on the plu 
rality of immobilized peptide . In another embodiment , the 
N - terminal amino acids are removed by an Edman degra 
dation reaction . In another embodiment , the Edman degra 
dation reaction labels the N - terminal amino acids of the 
immobilized peptides with the second fluorescent molecule . 
In yet another embodiment , the peptides are immobilized via 
internal Cysteine residues . In one embodiment , the specific 
amino acid labeled with the first label is Lysine . In one 
embodiment , the first and second labels on the single 
peptides are measured with optics capable of single - mol 
ecule resolution . In another embodiment , the degradation 
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step in which a loss of second label ( for example a reduced 
fluorescence intensity ) coincides with a loss of first label ( for 
example reduced fluorescence intensity ) is identified . In one 
embodiment , the pattern of degradation steps that coincide 
with a reduction of the first label ( for example a loss in 
fluorescence intensity ) is unique to a single - peptide within 
the plurality of immobilized peptides . In one embodiment , 
the single - peptide pattern is compared to the proteome of an 
organism to identify the peptide . 
[ 0037 ] In one embodiment , only a single label is used . In 
this embodiment , the invention relates to a method of treating peptides , comprising : a ) providing a plurality of 
peptides immobilized on a solid support , each peptide com 
prising an N - terminal amino acid and internal amino acids , 
said internal amino acids comprising Lysine , each Lysine 
labeled with a label , and said label producing a signal for 
each peptide ; b ) treating said plurality of immobilized 
peptides under conditions such that each N - terminal amino 
acid of each peptide is removed ; and c ) detecting the signal 
for each peptide at the single molecule level . In one embodi 
ment , said label is a fluorescent label . In one embodiment , 
the removal in step b ) said N - terminal amino acid of each 
peptide reacted with a phenyl isothiocyanate derivative . In 
one embodiment , the removal of said N - terminal amino acid 
in step b ) is done under conditions such that the remaining 
peptides each have a new N - terminal amino acid . In one 
embodiment , the method further comprises the step d ) 
removing the next N - terminal amino acid done under con 
ditions such that the remaining peptides each have a new 
N - terminal amino acid . In one embodiment , the method 
further comprises the step e ) detecting the next signal for 
each peptide at the single molecule level . In one embodi 
ment , the N - terminal amino acid removing step and the 
detecting step are successively repeated from 1 to 20 times . 
In one embodiment , the repetitive detection of signal for 
each peptide at the single molecule level results in a pattern . 
In one embodiment , the pattern is unique to a single - peptide 
within the plurality of immobilized peptides . In one embodi 
ment , the single - peptide pattern is compared to the proteome 
of an organism to identify the peptide . In one embodiment , 
the intensity of said labels are measured amongst said 
plurality of immobilized peptides . In one embodiment , the 
N - terminal amino acids are removed in step b ) by an Edman 
degradation reaction . In one embodiment , the peptides are 
immobilized via Cysteine residues . In one embodiment , the 
detecting in step c ) is done with optics capable of single 
molecule resolution . In one embodiment , the degradation 
step in which removal of the N - terminal amino acid coin 
cides with removal of the label is identified . In one embodi 
ment , said removal of the amino acid is measured in step b ) 
is measured as a reduced fluorescence intensity . 
[ 0038 ] In one embodiment , the present invention contem 
plates labeling two or more amino acids . For example , in one 
embodiment , a triple labeling scheme is contemplated for 
labeling Cysteine , Lysine and Tryptophan . Thus in one 
embodiment , the first fluorophore is attached to a structure 
in a group consisting of a thiol in Cysteine , an amine in 
Lysine , and an N - terminus , the second fluorophore is 
attached to a structure selected from the amino acids having 
carboxylate side chains and / or a free C - terminus . In a further 
embodiment , a third fluorophore is attached to a Tryptophan . 
Thus , in one embodiment , the first fluorophore attached to 
Cysteine is an iodoacetamide . In another embodiment , the 
first fluorophore attached to Lysine is a 2 - methoxy - 4,5 

dihydro - 1H - imidazole . In one embodiment , Cysteine side 
chains are solution labeled with an iodoacetamide with or 
without subsequent labeling with a 2 - methylthio - 2 - imada 
zoline hydroiodide ( MDI ) . In one embodiment , Lysine side 
chains are solution labeled with a 2 - methoxy - 4,5 - dihydro 
1H - imidazole . In one embodiment , Tryptophan side chains 
are solution labeled with a 2,4 - Dinitrobenzenesulfenyl chlo 
ride ( DBSC ) . 
[ 0039 ] In one embodiment , the present invention contem 
plates solution - phase labeling of at least five targets in a 
peptide is shown in FIG . 43 and described in Example V. 
Thus in one embodiment , Cys is labeled first , Lys is labeled 
second , N - terminal labeling third , carboxylates ( side chains 
and C - terminus ) are labeled fourth , followed by Trp - labeling 
fifth . In one embodiment , the first label is selected from the 
group consisting of iodoacetamide and 2 - methylthio - 2 
imadazoline hydroiodide ( MDI ) . In one embodiment , the 
second label is 2 - methoxy - 4,5 - dihydro - 1H - imidazole . In 
one embodiment , the third label is 1- ( 4,4 - dimethyl - 2,6 
dioxocyclohexylidene ) -3 - methylbutyl diethyl phosphate 
( Phos - ivDde ) . In one embodiment , the fourth label is 
selected from the group consisting of benzylamine ( BA ) , 
3 - dimethylaminopropylamine , and isobutylamine . In one 
embodiment , the fifth label is 2,4 - dinitrobenzenesulfenyl 
chloride . 
[ 0040 ] In one embodiment , the present invention contem 
plates solid - phase labeling of at least three targets in a 
peptide is shown in FIG . 44 and described in Example V. In 
one embodiment , Lys is labeled first , carboxylates are 
labeled second followed by Trp - labeling third . In one 
embodiment , the first label is 2 - methoxy - 4,5 - dihydro - 1H 
imidazole . In one embodiment , the second label is 
( 7 - Azabenzotriazol - 1 - yloxy ) tripyrrolidinophosphonium 
hexafluorophosphate ( PyAOP ) . In one embodiment , the 
third label is 2,4 - Dinitrobenzenesulfenyl chloride . In one 
embodiment , the peptide is attached to hydrazinobenzoyl 
resin . 

Definitions 

[ 0041 ] To facilitate the understanding of this invention a 
number of terms are defined below . Terms defined herein 
( unless otherwise specified ) have meanings as commonly 
understood by a person of ordinary skill in the areas relevant 
to the present invention . Terms such as “ a ” , “ an ” and “ the ” 
are not intended to refer to only a singular entity , but include 
the general class of which a specific example may be used 
for illustration . The terminology herein is used to describe 
specific embodiments of the invention , but their usage does 
not delimit the invention , except as outlined in the claims . 
[ 0042 ] As used herein , terms defined in the singular are 
intended to include those terms defined in the plural and vice 
versa . 

[ 0043 ] As used herein , the term “ amino acid ” in general 
refers to organic compounds that contain at least one amino 
group , -NH2 which functionalized is -NH2 , and one 
carboxyl group , COOH , which functionalized is — C0O- , 
where the carboxylic acids are deprotonated at neutral pH , 
having the basic formula of NH CHRCOOH . An amino acid 
and thus a peptide has an N ( amino ) -terminal residue region 
and a C ( carboxy ) -terminal residue region . Types of amino 
acids include at least 20 that are considered “ natural ” as they 
comprise the majority of biological proteins in mammals , 
such as Lysine , Cysteine , Tyrosine ; Tyr ; Y , Threonine ; Thr ; T , 
etc. Amino acids may also be grouped as having carboxylic 
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acid groups ( at neutral pH ) , including aspartic acid or 
aspartate ( Asp ; D ) and glutamic acid or glutamate ( Glu ; E ) ; 
and basic amino acids ( at neutral pH ) , including lysine 
( Lys ; L ) , arginine ( Arg ; N ) , and histidine ( His ; H ) . 
[ 0044 ] As used herein , the term “ terminal ” is referred to as 
singular terminus and plural termini . 
[ 0045 ] As used herein , the term “ side chains ” or “ R ” refers 

unique structures attached to the alpha carbon ( attaching 
the amine and carboxylic acid groups of the amino acid ) that 
render uniqueness to each type of amino acid . R groups have 
a variety of shapes , sizes , charges , and reactivities , such as 
Charged Polar side chains , either positively or negatively 
charged , such as lysine ( + ) , arginine ( + ) , Histidine ( + ) , 
aspartate ( - ) and glutamate ( - ) , amino acids can also be 
basic , such as lysine , or acidic , such as glutamic acid ; 
Uncharged Polar side chains have Hydroxyl , Amide , or 
Thiol Groups , such as Cysteine having a chemically reactive 
side chain , i.e. a thiol group that can form bonds with 
another Cysteine , Serine ( Ser ) and Threonine ( Thr ) , that 
have hydroxylic R side chains of different sizes ; Asparagine 
( Asn ) , Glutamine ( Gln ) , and Tyrosine ( Tyr ) ; Non - polar 
hydrophobic amino acid side chains include the amino acid 
Glycine ; Alanine , Valine , Leucine , and Isoleucine having 
aliphatic hydrocarbon side chains ranging in size from a 
methyl group for alanine to isomeric butyl groups for 
Leucine and Isoleucine ; Methionine ( Met ) has a thiol ether 
side chain , Proline ( Pro ) has a cyclic pyrrolidine side group . 
Phenylalanine ( with its phenyl moiety ) ( Phe ) and Typtophan 
( Trp ) ( with its indole group ) contain aromatic side groups , 
which are characterized by bulk as well as nonpolarity . 
[ 0046 ] Amino acids can also be referred to by a name or 
3 - letter code or 1 - letter code , for example , Cysteine ; Cys ; C , 
Lysine ; Lys ; K , Tryptophan ; Trp ; W , respectively . 
[ 0047 ] Amino acids may be classified as nutritionally 
essential or nonessential , with the caveat that nonessential 
vs. essential may vary from organisum to organism or vary 
during different developmental stages . Nonessential or con 
ditional amino acids for a particular organiusum is one that 
is synthesized adequately in the body , typically in a pathway 
using enzymes encoded by several genes , as substrates to 
meet the needs for protein synthesis . Essential amino acids 
are amino acids that the organisum is not unable to produce 
or not able to produce enough naturally , via de novo 
pathways , for example Lysine in humans . Humans obtain 
essential amino acids through their diet , including synthetic 
supplements , meat , plants and other organsiums . “ Unnatu 
ral ” amino acids are those not naturally encoded or found in 
the genetic code nor produced via de novo pathways in 
mammals and plants . They can be synthesized by adding 
side chains not normally found or rarely found on amino 
acids in nature . Potential functional groups and side chains 
for synthesizing unnatural amino acids are described herein 
and in the Figures . 
[ 0048 ] As used herein , ß amino acids , which have their 
amino group bonded to the ß carbon rather than the a carbon 
as in the 20 standard biological amino acids , are unnatural 
amino acids . The only common naturally occurring ß amino 
acid is ß - alanine . 
[ 0049 ] As used herein , the term the terms “ amino acid 
sequence ” , “ peptide ” , “ peptide sequence " , " polypeptide ” , 
and “ polypeptide sequence " are used interchangeably herein 
to refer to at least two amino acids or amino acid analogs that 
are covalently linked by a peptide ( amide ) bond or an analog 
of a peptide bond . The term peptide includes oligomers and 

polymers of amino acids or amino acid analogs . The term 
peptide also includes molecules that are commonly referred 
to as peptides , which generally contain from about two ( 2 ) 
to about twenty ( 20 ) amino acids . The term peptide also 
includes molecules that are commonly referred to as poly 
peptides , which generally contain from about twenty ( 20 ) to 
about fifty amino acids ( 50 ) . The term peptide also includes 
molecules that are commonly referred to as proteins , which 
generally contain from about fifty ( 50 ) to about three thou 
sand ( 3000 ) amino acids . The amino acids of the peptide 
may be L - amino acids or D - amino acids . A peptide , poly 
peptide or protein may be synthetic , recombinant or natu 
rally occurring . A synthetic peptide is a peptide that is 
produced by artificial means in vitro . 
[ 0050 ] As used herein , the term “ subset ” refers to the 
N - terminal amino acid residue of an individual peptide 
molecule . A " subset ” of individual peptide molecules with 
an N - terminal Lysine residue is distinguished from a “ sub 
set ” of individual peptide molecules with an N - terminal 
residue that is not Lysine . 
[ 0051 ] As used herein , the term “ fluorescence ” refers to 
the emission of visible light by a substance that has absorbed 
light of a different wavelength . In some embodiments , 
fluorescence provides a non - destructive means of tracking 
and / or analyzing biological molecules based on the fluores 
cent emission at a specific wavelength . Proteins ( including 
antibodies ) , peptides , nucleic acid , oligonucleotides ( includ 
ing single stranded and double stranded primers ) may be 
" labeled ” with a variety of extrinsic fluorescent molecules 
referred to as fluorophores . Isothiocyanate derivatives of 
fluorescein , such as carboxyfluorescein , are an example of 
fluorophores that may be conjugated to proteins ( such as 
antibodies for immunohistochemistry ) or nucleic acids . In 
some embodiments , fluorescein may be conjugated to 
nucleoside triphosphates and incorporated into nucleic acid 
probes ( such as “ fluorescent - conjugated primers ” ) for in situ 
hybridization . In some embodiments , a molecule that is 
conjugated to carboxyfluorescein is referred to as “ FAM 
labeled ” . 

[ 0052 ] As used herein , sequencing of peptides “ at the 
single molecule level ” refers to amino acid sequence infor 
mation obtained from individual ( i.e. single ) peptide mol 
ecules in a mixture of diverse peptide molecules . It is not 
necessary that the present invention be limited to methods 
where the amino acid sequence information obtained from 
an individual peptide molecule is the complete or contiguous 
amino acid sequence of an individual peptide molecule . In 
some embodiment , it is sufficient that only partial amino 
acid sequence information is obtained , allowing for identi 
fication of the peptide or protein . Partial amino acid 
sequence information , including for example the pattern of 
a specific amino acid residue ( i.e. Lysine ) within individual 
peptide molecules , may be sufficient to uniquely identify an 
individual peptide molecule . For example , a pattern of 
amino acids such as X — X — X - Lys - X — X — X — X - Lys - X 
Lys ( SEQ ID NO : 1 ) , which indicates the distribution of 
Lysine molecules within an individual peptide molecule , 
may be searched against a known proteome of a given 
organism to identify the individual peptide molecule . It is 
not intended that sequencing of peptides at the single 
molecule level be limited to identifying the pattern of Lysine 
residues in an individual peptide molecule ; sequence infor 
mation for any amino acid residue ( including multiple amino 
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acid residues ) may be used to identify individual peptide 
molecules in a mixture of diverse peptide molecules . 
[ 0053 ] As used herein , “ single molecule resolution ” refers 
to the ability to acquire data ( including , for example , amino 
acid sequence information ) from individual peptide mol 
ecules in a mixture of diverse peptide molecules . In one 
non - limiting example , the mixture of diverse peptide mol 
ecules may be immobilized on a solid surface ( including , for 
example , a glass slide , or a glass slide whose surface has 
been chemically modified ) . In one embodiment , this may 
include the ability to simultaneously record the fluorescent 
intensity of multiple individual ( i.e. single ) peptide mol 
ecules distributed across the glass surface . Optical devices 
are commercially available that can be applied in this 
manner . For example , a conventional microscope equipped 
with total internal reflection illumination and an intensified 
charge - couple device ( CCD ) detector is available ( see 
Braslaysky et al . , PNAS , 100 ( 7 ) : 3960-4 ( 2003 ) [ 4 ] . Imaging 
with a high sensitivity CCD camera allows the instrument to 
simultaneously record the fluorescent intensity of multiple 
individual ( i.e. single ) peptide molecules distributed across 
a surface . In one embodiment , image collection may be 
performed using an image splitter that directs light through 
two band pass filters ( one suitable for each fluorescent 
molecule ) to be recorded as two side - by - side images on the 
CCD surface . Using a motorized microscope stage with 
automated focus control to image multiple stage positions in 
the flow cell may allow millions of individual single pep 
tides ( or more ) to be sequenced in one experiment . 
[ 0054 ] As used herein , the term “ collective signal ” refers 
to the combined signal that results from the first and second 
labels attached to an individual peptide molecule . 
[ 0055 ] As used herein , the term " experimental cycle ” 
refers to one round of single molecule sequencing , com 
prised of the Edman degradation of a single amino acid 
residue followed by TIRF measurement of fluorescence 
intensities . 
[ 0056 ] Attribution probability mass function for a given 
fluorosequence , the posterior probability mass function of its 
source proteins , i.e. the set of probabilities P ( p ; / f ; ) of each 
source protein Pi , given an observed fluorosequence fi . 

on the peptides are selectively labeled by dyes ( blue , green 
and yellow stars respectively ) and surface immobilization 
for single molecule imaging . The peptides are subjected to 
a fluorescent Edman reagent coupling and removing the 
terminal amino acid at the end of every cycle . This works as 
an internal error check to ensure the successful completion 
of an Edman cycle and gives the count of amino acids 
removed . Dye indicates when the specific amino acid is 
removed which in combination with dye2 signal gives the 
resulting pattern ( W - K - K - x - Y - x ( SEQ ID NO : 2 ) ) . This 
pattern identifies the peptide in the reference database . 
[ 0064 ] FIG . 6 depicts a simulation that demonstrates that 
successive cleavage of N - terminal amino acids results in 
patterns capable of identifying at least one peptide from a 
substantial fraction of proteins that comprise the human and 
yeast proteome . 
[ 0065 ] FIG . 7 depicts a simulation that demonstrates that 
limiting sequencing to peptides with no more than eight 
Lysines provides nearly the coverage of the full set of 
peptides in the yeast proteome . 
[ 0066 ] FIG . 8 depicts the structures of cyanine dyes Cy3 
and Cy5 . 
[ 0067 ] FIG . 9 depicts the synthesis scheme for producing 
the isothiocyanate derivatives of cyanine dyes Cy3 and Cy5 . 
[ 0068 ] FIG . 10 shows one diagram of a total internal 
reflectance fluorescence ( TIRF ) microscopy setup ( 1 ) that 
can be used in one embodiment of sequence analysis . In 
such a setup is a microscope flow cell ( 2 ) wherein the 
fluorescence of the labeled proteins can be ovserved through 
the field of view ( 3 ) . The laser ( 4 ) is directed against the 
dichroic mirror ( 6 ) through the high numerical aperture 
objective lens ( 7 ) through the field of view ( 3 ) . An intensi 
fied charge - couple device ( ICCD ) ( 5 ) observes the fluores 
cent signal from the labeled peptides . 
[ 0069 ] FIG . 11 shows a cross - sectional view of one 
embodiment of a closed perfusion chamber flow cell . Modi 
fications to this commercial flow cell are to the materials 
employed for the lower gasket , for which many materials 
have been tested and are currently using Teflon in order to 
be resistant to the solvents used for the Edman procedure , 
and to the surface of the glass slide , which we modify 
chemically in order to immobilize the peptides . 
[ 0070 ] FIG . 12A shows an exploded view of one embodi 
ment of a closed imaging chamber . In this embodiment , the 
closed imaging chamber includes : Electrical Enclosure ( 9 ) 
which can be detached to sterilize the perfusion tubes an 
contains temperature sensor and heater contacts ; flow cell 
chamber top ( 10 ) —Designed to assure parallel uniform 
closure , eliminate leaks , and broken coverslips and contains 
the perfusion tubes ; Perfusion Tubes ( 11 ) For fluid flow ; 
Upper gasket ( 12 ) ; Flow Control / Microaqueduct Slide 
( 13 ) An optical surface which integrates perfusion and 
temperature control , High - volume laminar flow , Koehler 
illumination , and electronically conductive coating for tem 
perature control .; Lower Gasket ( 14 ) —Provides a seal 
between the flow cell coverslip and flow control slide . This 
gasket can have any internal geometry one desires . Standard 
thicknesses from 0.1 mm to 1.0 mm are contemplated . This 
allows one to define the volume and flow characteristics of 
the chamber . Modifications to this commercial flow cell are 
to the materials employed for the lower gasket ( 14 ) , for 
which many materials have been tested and are currently 
using Teflon in order to be resistant to the solvents used for 
the Edman procedure , and to the surface of the glass slide , 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0057 ] For a more complete understanding of the features 
and advantages of the present invention , reference is now 
made to the detailed description of the invention along with 
the accompanying Figs . 
[ 0058 ] FIG . 1 depicts the identification of the N - terminal 
amino acid residue of a tetrapeptide by means of the Sanger 
reaction . 
[ 0059 ] FIG . 2 depicts the identification of the N - terminal 
residue of a tetrapeptide as the dansyl derivative . 
[ 0060 ] FIG . 3 depicts the identification of the N - terminal 
amino acid residue by Edman degradation . 
[ 0061 ] FIG . 4 depicts one embodiment of a single mol 
ecule peptide sequencing scheme of the present invention . 
[ 0062 ] FIG . 5A depicts one embodiment of the selective 
labeling of immobilized peptides followed by successive 
cycles of N - terminal amino acid labeling and removal to 
produce unique patterns that identify individual peptides . 
[ 0063 ] FIG . 5B shows the general scheme of one embodi 
ment of the method . Proteins are extracted and digested by 
specific endo - peptidases . All occurrences of the particular 
amino acids ( e.g. Lysines , Tryptophan , Arginine in this case ) 
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which we modify chemically in order to immobilize the 
peptides ; Coverslip ( 15 ) ; and flow cell stage adapter base 
( 16 ) —Temperature controlled and contains a dovetail to 
lock into stage adapter for stability . In one non - limiting 
implementation , a Teflon lower gasket is preferably 
employed ( 14 ) in order to allow for the use of organic 
solvents in the flow cell . 
[ 0071 ] FIG . 12B shows an exploded view of a second 
embodiment of a closed imaging chamber . The lower and 
upper rubber gaskets on the commercially available perfu 
sion chamber ( FCS2 closed chamber system , Bioptechs Inc , 
Butler , Pa . ) were substituted with a perfluoroelastomer , 
Kalrez ( Dupont ) . This material has the same resistivity of 
PTFE ( Teflon® ) and a compressibility similar to nitrile 
rubbers , thereby ensuring an oxygen free environment nec 
essary for high efficiency Edman chemistry . Other fluo 
roelastomers are also contemplated . 
[ 0072 ] FIG . 12C shows the chamber of FIG . 12B con 
nected to a valve and pumping system . The cycles of fluid 
exchanges between aqueous and organic solvents can be 
optimized and computer controlled through this a pump and 
valve system . 
[ 0073 ] FIG . 13 shows one embodiment of peptides with 
labeled Lysines ( i.e. labeled with the amine - reactive dye 
HiLyte 647 ) , said peptides attached by Cysteines to male 
imide - PEG quartz surface . The different pattern of fluores 
cence intensity with the different labeled Lysine content . 
HiLyte FluorTM 647 succidinimyl ester is a amine - reactive 
fluorescent labeling dye that generates the conjugates that 
are slightly red - shifted compared to those of Cy5 dyes , 
resulting in an optimal match to filters designed for Cy5 dye . 
Its conjugate may have better performance than Cy5 for 
fluorescence polarization - based assays . 
[ 0074 ] FIG . 14 shows a comparison of single fluores 
cently - labeled peptides , Hilyte647 - NHS dye in the 647 
channel . The alternate channel revealing low background 
fluorescence is a 561 channel . 
[ 0075 ] FIG . 15 shows the difference in the Edman degra 
dation of the labeled single peptide molecules between a 
peptide that contains one versus two labeled Lysines . The 
fluorescence signal , Hilyte647 dye ( excited by the 647 
channel ) , drops when the labeled Lysine is removed . Only 
fluorescence signal is found with labeled Lysines . 
[ 0076 ] FIG . 16 shows scanning the microscope stage and 
tiling images to analyze large numbers of peptides wherein 
quantum dots can serve as guides . 
[ 0077 ] FIG . 17 shows the structure of some particularly 
stable dyes , i.e. stable to extended incubation with TFA and 
Pyridine / PITC solvents . The structures of these dyes gives 
some indication of its stability , primarily due to the lack of 
any conjugation and the presence of an extended or deco 
rated three ring system . 
[ 0078 ] FIG . 18 shows synthetic pathways for a group of 
contemplated exemplary monomers in a protected form to 
be used in Fmoc - based solid phase synthesis . 
[ 0079 ] FIG . 19 is a schematic showing one embodiment 
for the synthesis of 30 - mers via olefin metathesis concat 
enation of 10 - mers , and reversal with ethylene . FIG . 19A 
shows an approach for synthesis where the C terminus is 
Cysteine . FIG . 19B shows the transition of 30 mers to 
10 - mers . FIG . 19C shows the preparation for sequencing . 
FIG . 19D shows a schematic for olefin metathesis . 
[ 0080 ] FIG . 20 depicts an automated computational pipe 
line for peak identification . To the acquired raw image ( i ) , a 

box median filter is applied to remove the background noise . 
A correlation matrix sweeps across this 2D processed image 
to detect candidate peaks that fits a defined criterion . The 
coordinates of the candidate peaks from this image ( iii ) are 
mapped to the raw image ( iv ) . To illustrate how the peak is 
identified , assume a 5x5 pixel region ( v ) in the image that 
contains the candidate peak . To the central 3x3 pixel , a point 
spread function ( vi ) is fitted on its intensity values . The 
background intensity is the average of the intensity values of 
the squares surrounding the central 3x3 pixel region . It is 
considered as true peak if the R value of the fit is greater 
than 0.7 . By iterating through all the candidate peaks and 
applying the filter , we identify all the peaks ( as denoted in 
image vii ) in our acquired image . 
[ 0081 ] FIG . 21 demonstrates that Alexafluor - NHS immo 
bilized on patterned aminosilane glass slide is stable through 
cycles of Edman degradation . The Alexafluor555 dye immo 
bilized on the square patterned aminosilane glass slide is 
stable to 5 Edman cycles . The dye is not quenched and the 
amide bond is not destroyed during the process . 
[ 0082 ] FIG . 22 shows one embodiment of a sequence of 
derivitization reactions that allows for the labeling of the 
side chains of various amino acids in an orthogonal and 
step - by - step fashion . In particular , the N - terminus is depro 
tonated for use in future Edman degradation . 
[ 0083 ] FIG . 23 shows one embodiment of a method of immobilizing peptides via Cysteine using a resin , followed 
by labeling steps , and then freeing the peptides with a 
carboxylic acid on the end . 
[ 0084 ] FIG . 24 shows one embodiment wherein , once the 
peptide is labelled , they are immobilized for the sequencing . 
[ 0085 ] FIG . 25 shows useful orthogonal dynamic covalent 
functional groups . 
[ 0086 ] FIG . 26 shows alternative orthogonal reactions . 
[ 0087 ] FIG . 27 shows alternative side chains . 
[ 0088 ] FIG . 28 shows embodiments of unnatural peptides 
that can be constructed with the dynamic covalent functional 
groups discussed above . 
[ 0089 ] FIG . 29 shows embodiments of polymer wherein 
functional groups on the side chains are introduced during 
synthesis . 
[ 0090 ] FIG . 30 shows embodiments of fluorophores , 
including BODIPY derivatives . 
[ 0091 ] FIG . 31 shows embodiments of chemical pairs for 
side chains and labeling units . 
[ 0092 ] FIG . 32 shows one embodiment of a screening 
method to test all dyes and linkages to the various chemical 
conditions need in synthesis and sequencing . 
[ 0093 ] FIG . 33 shows embodiments of methods for taking 
the oligomers and creating nerve agent degrading agents . 
[ 0094 ] FIG . 34 depicts polypeptide cleavage sites for a 
number of proteases . Methods and Peptide bonds cleaved , 
respectively , Trypsin : Amino acid 1 = Lys or Arg ; Chy 
motrypsin : Amino acid 1 = Phe , Trp or Tyr ; Pepsin : Amino 
acid 1 = Phe , Trp , Tyr and several others ; Thermolysin : 
Amino acid 2 = Leu , Ile , or Val ; and Cyanogen bromide : 
Amino acid 1 = Met . 
[ 0095 ] FIG . 35 shows that exemplary specific binding of 
fluorophores to functionalized Tentagel beads occurs at the 
periphery and density can be measured by image processing . 
The 100 um amine functionalized Tentagel beads is incu 
bated with the succinidimyl ester form of dye or peptide to 
form the stable amide bond . Repeated solvent washes 
remove the majority of non - specifically bound dyes or 
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peptides resulting in abundant fluorescent signal at the bead 
periphery . A mask of every bead is generated and a radial 
intensity sweep for the fluorescent channel across each bead 
is performed . The radial intensity profile for a bead is 
normalized and shape corrected using a non - specifically 
bound dye on bead as a control . The area under the normal 
ized radial intensity across all beads for an experiment is the 
density of the truly bound fluorophore or fluorescently 
labeled peptide on the bead . The scale bar shown in the 
fluorescent image is 200 um . 
[ 0096 ] FIGS . 36A - B show an exemplary select number of 
fluorophores exhibit fluorescence stability towards Edman 
solvents . ( a ) The panel of fluorophores scanning across four 
fluorescent channels were tested for their percentage change 
in fluorescence intensity after a 24 hour incubation with 
trifluoroacetic acid ( TFA ) or pyridine / PITC in 9 : 1 ( shown as 
pyridine ) at 40 ° C. The fluorophores demarcated in boxes 
had a relatively small change ( < 40 % ) in fluorescence with 
the prolonged incubation in the Edman solvents . ( b ) The 
panel of bead images are two examples of the fluorescence 
changes in dyes on the Tentagel® beads with 24 hour TFA 
and pyridine incubation . The BODIPY - FL and Atto647N 
dye shows dramatic differences in dye behavior with the 
Edman solvent incubation . In the case of BODIPY - FL , the 
fluorescence intensity decreases with TFA incubation while 
there is a spectral shift with pyridine incubations . The 
fluorescence intensity is unchanged for the case of Atto647N 
dye . The terminologies used for the four fluorescence chan 
nels are combinations of filter sets described in methods 
section . The scale bar is 200 um . 
[ 0097 ] FIG . 37 shows an exemplary amide bond between 
the dye succinimidyl ester group and the amine surface on 
Tentagel® beads that results in highly specific peripheral 
binding . The panel of images shows the differences in 
binding profile ( inset or radial distribution of fluorescence 
intensity in images ) of the Alexa Fluor 555 with its different 
functional handles and tetramethylrhodamine isothiocyanate 
dye on amine or thiol grafted Tentagel® beads . The negative 
control involves where the carboxylate and hydrazide 
derivatives of the Alexa Fluor 555 did not bind to the bead 
periphery but bound non - specifically in its interior . The 
binding nature of maleimide and isothiocyanate variants is 
unclear . Images are not contrast stretched and the scale bar 

of the four peptides with their e - Lysines labeled with the 
rhodamine dye variant are shown . Peptides A and B was 
( boc ) -K * A labeled with rhodamine B and rhodamine 101 
respectively . Peptide C is ( fmoc ) -K * A labeled with tetram 
ethylrhodamine and peptide D was labeled with a rhodamine 
B but contains a synthetic N , N ' - dimethylethylenediamine 
( DMEDA ) linker . 
[ 0100 ] FIGS . 40A - B show that exemplary fluorescence of 
rhodamine dyes attached to peptides is affected by the pH of 
the imaging buffer . ( a ) Comparison of four different syn 
thetic peptides ( fmoc or boc ) -K * A , labeled with commer 
cially available rhodamine B , rhodamine 101 , tetramethyl 
rhodamine or rhodamine B with DMEDA linker , showed 
differences in their fluorescence behavior under different pH 
conditions . While all the rhodamine variants showed 
enhanced fluorescence under pH 1 imaging buffer , the 
fluorescence of tetramethylrhodamine and synthesized 
methyl - rhodamine B was stable across pH 1 to pH 10 
imaging buffers . The fluorescence of the rhodamine variants 
are dramatically reduced under basic conditions due to the 
formation of spirolactam ( see text for reasoning ) . ( b ) The 
panel of images show the fluorescence of napthofluorescein 
in the CY5 channel under basic conditions while maximum 
fluorescence of rhodamine 101 dye is observed in acidic 
conditions . The pH effect on dye fluorescence can be theo 
retically leveraged to decouple the dye neighborhood inter 
actions ( such as FRET ) . The free electrons in the nitrogen 
atom in the amide bond formed with the peptide for rhod 
amine B and rhodamine 101 variants ( see FIG . 39 for 
examples of the structures ) causes spirolactam ring forma 
tion and quenched fluorescence under basic conditions . 
[ 0101 ] FIGS . 41A - B show exemplary Edman degradation 
that can be used to determine the positional information of 
the fluorescently labeled Lysine residues of synthetic pep 
tides using bulk fluorescence measurements . The scale bar 
shown is 200 um . 
[ 0102 ] FIGS . 42A - B show exemplary model peptides . ( a ) 
KDYWEC ( SEQ ID NO : 3 ) for solution labeling ( 1 ) and ( b ) 
KDYWE ( SEQ ID NO : 4 ) immobilized on hydrazine ben 
zoyl resin ( 2 ) 
[ 0103 ] FIG . 43 shows exemplary orthogonal labeling 
route in solution - phase . ( i ) - ( ii ) labeling of Cysteine and 
Lysine are done consecutively in the same vial . ( iii ) Labeling 
of N - terminus occurs with 1- ( 4,4 - dimethyl - 2,6 - dioxocyclo 
hexylidene ) -3 - methylbutyl diethyl phosphate ( Phos - ivDde ) 
formed in sutu ( iv ) Labeling of carboxylates were done 
using three different amines . ( v ) Deprotecting N - terminus . 
( vi ) Labeling of Tryptophan . 
[ 0104 ] FIG . 44 shows exemplary Solid phase labeling of 
KDYWE ( SEQ ID NO : 4 ) . ( i ) Labeling for Lysine was done 
similarly for immobilized KDYWEC ( SEQ ID NO : 3 ) . ( ii ) 
Repetitions were performed to drive reaction to completion . 
( iii ) Labeling of Tryptophan . ( iv ) Cleavage with water 
releases C - terminus as an acid . ( v ) Cleavage with amine 
functionalized C - terminus with an alknvne . 
[ 0105 ] FIG . 45 shows exemplary peptide KDYWE ( SEQ 
ID NO : 4 ) derivatives . 
[ 0106 ] FIGS . 46A - I show exemplary characterization data 
showing successful orthogonal labeling with model peptide 
KDYWEC ( SEQ ID NO : 3 ) in solution - phase and KDYWE 
( SEQ ID NO : 4 ) in solid - phase . See , Example V. A ) Peptide 
3 , B ) Peptide 4 , C ) Peptide 5 , D ) Peptide 6 , E ) Peptide 8 , F ) 
Peptide 9 , G ) Peptide 10 , H ) Peptide 11 and I ) Peptide 12 . 

is 200 um . 
[ 0098 ] FIGS . 38A - B show exemplary peptides that can be 
stably and covalently immobilized on amine surfaces using 
EDC chemistry . The carbodiimide conjugation between the 
activated carboxylic acid of the peptide ( fmoc ) -K * A 
( where * is the fluorescent tetramethylrhodamine ) and amine 
group on Tentagel® beads occurs by the EDC ( Ethyl- ( 3 
dimethylaminopropyl ) carbodiimide ) / NHS cross - linker ( see 
methods for the EDC coupling protocol ) . The peripheral 
fluorescent signal from immobilized peptide is stable with 
24 h incubation with TFA or pyridine / PITC ( 9 : 1 v / v ) sol 
vents as seen in ( a ) . The panel of images of peptide ( fmoc 
K * A ) immobilization on aminosilane coated glass beads in 
( b ) controls for the effect of other variables involved in the 
chemistry and the non - covalent binding of Tentagel beads . 
High density peripheral binding of peptides is observed on 
amine coated glass beads which verifies that the peptides are 
covalently immobilized on the amine surface via their 
carboxylic acid group . Scale bar used is 200 um . 
[ 0099 ] FIG . 39 shows an exemplary structure of rhod 
amine variants with the conjugated peptide . The structures 
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[ 0107 ] FIG . 47 shows embodiments of a fluorescent pH 
insensitive ( methyl groups on amide Ns ) labeling reagent for 
Cysteine labeling , Rhodamine B iodoacetamide : N- ( 6- ( di 
ethylamino ) -9- ( 2 - ( ( 2 - iodo - N - methylacetamido ) ethyl ) 
( methyl ) carbamoyl ) phenyl ) -3H - xanthen - 3 - ylidene ) -N - ethy 
lethanaminium chloride . 
[ 0108 ] FIGS . 48A - C show exemplary Cysteine labeling : 
Model synthetic peptides containing Cysteine were solution 
phase labeled with Rhodamine B iodoacetamide . A ) YKT 
CYTD ( SEQ ID NO : 5 ) , B ) KCGGYCD ( SEQ ID NO : 6 ) , 
and C ) GYCKCTD ( SEQ ID NO : 7 ) . This reaction was 
selective for Cysteine where the Lysine and N - terminus 
were boc - protected . Purified peptides were confirmed by 
high resolution mass spectrometry . 
[ 0109 ] FIG . 49 shows embodiments of a model reagent for Tryptophan labeling : 4- ( butylcarbamoyl ) -2 - nitrophenyl 
hypochlorothioite can be used to label Tryptophan contain 
ing peptides . The sulfenyl chloride functional group was 
synthesized using the procedure from Li , Z. - S .; Wang , 
W. - M .; Lu , W .; Niu , C. - W .; Li , Y -H .; Li , Z. - M .; Wang , J.-G. 
“ Synthesis and biological evaluation of nonsymmetric aro 
matic disulfides as novel inhibitors of acetohydroxyacid 
synthase . ” Bioorg . Med . Chem . Lett . 2013 , 23 , 3723-3727 . 
[ 0110 ] FIG . 50 shows exemplary Tryptophan labeling : 
The labeled Tryptophan was stable to Edman degradation in 
solution . 
[ 0111 ] FIGS . 51A - B show exemplary Lysine labeling : An 
isothiourea was synthesized as a model reagent for Lysine 
labeling . A ) Reaction of the isothiourea with Lysine dihy 
drochloride proceeded once . B ) Reaction of the isothiourea 
with peptides proceeds slowly . 
[ 0112 ] FIGS . 52A - B show an exemplary synthesis of a 
Tryptophan labeling reagent as Rhodamine B sulfenyl chlo 
ride . A ) Synthesis of a thioether precursor to Rhodamine B 
sulfenyl chloride . B ) Synthesis of Rhodamine B sulfenyl 
chloride from the thioether precursor . 
[ 0113 ] FIGS . 53A - B show exemplary labeling of a peptide 
with a tryptophan labeling with the Rhodamine B sulfenyl 
chloride as shown in FIG . 52. Successful labeling is 
observed in test reactions with two small peptides , A ) 
Ser - Trp ( SW ) and B ) Ala - Asn - Trp ( ANW ) . 
[ 0114 ] FIG . 54 shows an exemplary synthesis of rhod 
amine B variants for use with labeling an amino acid . 
Rhodamine B modified with N , N - dimethylethylenediamine 
( first structure ) was activated by Me3Si — NEIS to form an 
isothiourea variant ( second structure ) , then reacted in n - Pro 
pyl iodide for a third structure , any of these structures may 
find use in labeling amono acids and peptides . 
[ 0115 ] FIG . 55 shows exemplary simulations of ideal 
experimental conditions that suggest relatively simple label 
ing schemes are sufficient to identify most proteins in the 
human proteome . Each curve summarizes the fraction of 
human proteins uniquely identified by at least one peptide as 
a function of the number of sequential experimental cycles 
( a paired Edman degradation reaction and TIRF observa 
tion ) . As used herein , peptides generated by different pro 
teases ( e.g. Glu represents cleavage C - terminal to glutamic 
acid residues by Gluc , Met represents cleavage after 
methionine residues by cyanogen bromide ) and under dif 
ferent labeling schemes ( e.g. Lys + Tyr indicates Lys and Tyr 
selectively labeled with two distinguishable fluorophores . 
Asp / Glu indicates both residues are labeled with identical 
fluorophores ) . Peptides are immobilized as indicated , with 
Cys representing anchoring by cysteines ( thus , only cyste 

ine - containing peptides are sequenced ) and C - term repre 
senting anchoring by C - terminal amino acids . Increasing the 
number of distinct label types improves identification up to 
80 % within only 20 experimental cycles even when only 
Cys - containing peptides are sequenced ; near total proteome 
coverage is theoretically achievable when cyanogen bro 
mide generated peptides are anchored by their C - termini and 
labeled by a combination of four different fluorophores . 
Cycle numbers denote upper bounds , since each fluorose 
quence is not allowed to proceed past the anchoring residue 
( cysteine or C - terminus ) . Note also that the peptide length 
distributions change depending on the enzyme used for 
cleavage , with median lengths of 26 amino acids for cya 
nogen bromide , 8 for GluC and 10 for trypsin digests . 
[ 0116 ] FIGS . 56A - D shows exemplary typical proteolytic 
peptides which have counts of labelable amino acids suffi 
ciently low to sequence . Frequency histograms of amino 
acids in in silico proteolytic peptides for lysine ( A ) , tyrosine 
( B ) , tryptophan ( C ) , and glutamic acid / aspartic acid ( D ) 
indicate low median values . Peptide sequences in A - C were 
generated in silico from the human proteome by GluC 
digestion , and those in D by cyanogen bromide digestion . 
Low counts of labelable amino acids per peptide are 
expected to increase the ability to discriminate removal of 
one fluorophore amongst many on a peptide . 
[ 0117 ] FIG . 57 shows an exemplary overview of a Monte 
Carlo simulation of fluorosequencing with errors . In detail , 
protein sequences are read as amino - acid character strings 
from the UniProt database . For each protein sequence , the 
subsequent steps are repeated : proteolysis was simulated and 
peptides lacking the residue for surface attachment ( e.g. 
cysteine ) were discarded . All remaining peptides were 
encoded as fluorosequences and subsequent steps were 
repeated in accordance to the desired sampling depth : The 
fluorosequences were altered via random functions model 
ing experimental errors— ( 1 ) labels were removed modeling 
failed fluorophores or failed fluorophore attachment , ( 2 ) 
positions of the remaining labels were randomly dilated 
modeling Edman reaction failures , and ( 3 ) fluorophores 
were shifted upstream from their positions , modeling pho 
tobleaching . Each resulting fluorosequence was sorted based 
on its position and label type and merged into a prefix trie 
to tally the frequencies of observing each fluorosequence 
from a given source protein . 
[ 0118 ] FIGS . 58A - C show an exemplary simple example 
of the trie structure for storing and attributing fluorose 
quences to peptides or proteins . Consider a toy peptide 
mixture with peptide X ( sequence GK * EGC ( SEQ ID NO : 
9 ) , where K * represents fluorescently - labeled lysine ; the 
sequence can be simplified to ( K , 2 ) ) and peptide Y 
( GK * GK * EC ( SEQ ID NO : 10 ) ; represented as ( K , 2 ) , ( K , 
4 ) ) . Panels ( A ) and ( B ) summarize populating the trie with 
fluorosequences from 500 copies each of Peptide X and Y , 
respectively . For example , peptide X might generate fluo 
rosequence xK * , incorporated into the trie as a new node 
( K , 2 ) , indicated by the dashed blue lines and arrows in panel 
( A ) . ( B ) Simulations on Peptide Y add additional nodes to 
the trie . For example , the fluorosequence xK * xK * yields an 
additional node ( K , 2 ) , ( K , 4 ) after traversing node ( K , 2 ) . 
Additional fluorosequences are incorporated into the trie in 
a similar fashion , along with a tally of the number of 
observations of each fluorosequence , stored for each trie 
node along with the source peptide identities . Following the 
Monte Carlo simulation , the frequency of each source pro 
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purification , this high - resolution mass spectometry con 
firmed that the 12 amino acid peptide was labeled with 2 
different colored dyes . 
[ 0125 ] FIG . 65 shows exemplary results for Single Mol 
ecule Peptide Sequencing . Two peptide populations differ 
ing in the position of their labeled amino - acid residue were 
discriminated in a mixture at single - molecule sensitivity 
using the single - molecule Edman peptide sequencing pro 
cedure . Peptide - A labeled orange ( left bar , left peptide , 
lighter color ) in the diagram , with sequence ( boc ) 
K * AGAAG ( SEQ ID NO : 13 ) 
( * Rhodamine = Tetramethylrhodamine ) ; and Peptide B - la 
beled blue ( right bar , right peptide , darker color ) in the 
diagram , with sequence ( boc ) -GK * [ Atto647N ] AGAG ( SEQ 
ID NO : 14 ) . Both peptides were labeled via their Lysines 
with dyes excitable at 561 nm and 647 nm wavelengths , 
respectively . Both peptide populations were immobilized on 
a glass slide via their carboxyl terminuses , and the protecting 
boc groups were removed from their amino termini . 

DETAILED DESCRIPTION OF THE 
INVENTION 

tein or peptide can be calculated for each trie node . To 
simplify data analysis and visualization , thresholds can be 
applied ( see Example VIII ) to identify and count those 
source proteins most confidently identified by the observed 
fluorosequences . As shown in FIG . 58C , fluorosequences 
( ( K , 2 ) , ( K , 5 ) ) and ( ( K , 2 ) , ( K , 4 ) ) confidently identify peptide 
Y , while Peptide X is less confidently identified by fluo 
rosequences ( K , 2 ) or ( K , 3 ) . 
[ 0119 ] FIGS . 59A - B shows exemplary Monte Carlo sam 
pling that reveals the confidence with which fluorosequences 
can be attributed to specific source proteins . ( A ) and ( B ) 
represent two example fluorosequences , illustrating opposite 
extremes in terms of the number of proteins capable of 
yielding each sequence . In ( A ) , the frequencies with which 
rival source proteins yield fluorosequence “ xxxxExxKxK ” 
( SEQ ID NO : 11 ) in the Monte Carlo simulations indicates 
low confidence in attributing that fluorosequence to any one 
protein . In ( B ) , a single protein is by far the most likely 
source of fluorosequence “ EEEEExxKxK ” ( SEQ ID NO : 
12 ) . ( X - axes represent incomplete lists of proteins , ordered 
by the frequencyies with which they are observed to gen 
erate the given fluorosequence in the simulations . ) 
[ 0120 ] FIG . 60 shows exemplary surface plots illustrate 
the consequences of differing rates of Edman efficiency , 
photobleaching , and fluorophore failure rates . Each panel 
summarizes the consequences of varying rates of photo 
bleaching and Edman failures for a different fixed fluoro 
phore failure rate , ranging from 0 % to 25 % , as calculated 
after simulating 30 experimental cycles on the complete 
human proteome at a simulation depth of 10,000 copies per 
protein . Photobleaching shows the strongest negative impact 
on proteome coverage when compared to other errors ; 
increasing the number of distinguishable labels strongly 
increases proteome coverage . Labeling and immobilization 
schemes are denoted as in FIG . 38. For comparison , litera 
ture evidence suggests that common failure rates of fluoro 
phores may be about 15-20 % ( 18,32 ] , Edman degradation 
proceeds with about 94 % efficiency [ 33 ] , and the mean 
photobleaching lifetime of a typical Atto680 dye is about 30 
minutes [ 23 ] , corresponding to 1800 Edman cycles , estimat 
ing 1 sec exposure per Edman cycle . Thus , error rates should 
sufficiently low for effective fluorosequencing . See refer 
ences numbered in Example IX . 
[ 0121 ] FIG . 61 shows exemplary Boc - Asp - OBzl peptide 
labeled with Rhodamine B via HCTU ( 1H - B enzotriazolium 
1- [ bis ( dimethylamino ) methylene ) -5chloro- , hexafluoro 
phosphate ( 1 - ) , 3 - oxide ) coupling . 
[ 0122 ] FIG . 62 shows exemplary FMOC - Cys peptide 
labeled with Rhodamine B via iodoacetamide handle . This 
Rhodamine B labeled Cys peptide was used for synthesizing 
a peptide . Another example of using a Rhodamine B labeled 
Cys used for synthesizing a peptide is shown in FIG . 64 . 
[ 0123 ] FIGS . 63A - B show exemplary synthesis of a Rho 
damine - based dye containing a Silicon atom replacing the 
oxygen of the core structure . A ) Si - Rhodamine cores struc 
ture as reported in literature ( Lukinavic ius et al . Nature 
Chemistry 5 , 132-139 ( 2013 ) ) . B ) Inventive synthetic strat 
egies that involve the development of a “ handle ” i.e. via 
iodoacetamide , attached to core Si - Rhodamine structure for 
labeling an amino acid , such as Cysteine , as in FIG . 64 . 
[ 0124 ] FIGS . 64A - B shows exemplary two - dye labeling 
of a peptide . A ) Labeling strategy using Rhodamine B and 
Si - Rhodamine of the present inventions . B ) After HPLC 

[ 0126 ] The present invention relates to the field of iden 
tifying proteins and peptides , and more specifically large 
scale sequencing of single peptides in a mixture of diverse 
peptides at the single molecule level . The present invention 
also relates to methods for identifying amino acids in 
peptides , including peptides comprising unnatural amino 
acids . In one embodiment , the present invention contem 
plates labeling the N - terminal amino acid with a first label 
and labeling an internal amino acid with a second label . In 
some embodiments , the labels are fluorescent labels . In other 
embodiments , the internal amino acid is Lysine . In other 
embodiments , amino acids in peptides are identified based 
on the fluorescent signature for each peptide at the single 
molecule level . 
[ 0127 ] The fluorophore choices that are amenable to 
Edman degradation chemistry have an unusual selection 
criteria , as they were not selectable based upon structure 
alone . In fact , there is no available literature or method for 
predicting the ideal choice of fluorophores that could be 
integrated in the fluorosequencing technique . Such that 
empirically screening each fluorophore was the method used 
by the inventors in order to identify Edman reaction stable 
fluorophores . As described herein , many of the fluorophores 
in the rhodamine and Atto classes of dyes were stable to the 
solvents of Edman degradation while others in these classes 
were not . 

[ 0128 ] The lack of a method for sequential labeling of 
amino acids and development of orthogonal handles ( i.e. 
chemically reactive labels ) to fluorophores represents a 
unique problem in the field of protein labeling . In a majority 
of current uses , one class of amino acid residues are typi 
cally conjugated to a label without the use of other labeled 
residues . Attaching linkers to multiple amino acid residues 
in the same experiment provides a unique challenge and 
thereby a method for solving the problem . One limitation 
found in these methods was that low levels of cross reac 
tivity or non - reactivity between the different linkers may 
complicate the interpretation of the fluorescence signal 
originating from the peptide molecule . 
[ 0129 ] During the development of the present invention , 
solutions were discovered to overcome the problem of a lack 
of a known range of fluorophores resistant to Edman sol 
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vents and the ability to attach them orthogonally to different 
amino acid classes ( i.e. lysine , cysteine , tryptophan , aspartic 
acid and / or glutamic acid ) . Therefore the methods described 
herein enable the successful implementation of the fluorose 
quencing technology through the discovery of numerous 
fluorophores having a range of fluorescence , and methods 
for orthogonal labeling of numerous classes of amino acides . 
[ 0130 ] Apart from the importance in fluorosequencing , the 
addition of labels to proteins or peptides can useful in 
applications of mass spectrometry based proteomics in the 
creation of mass labels . For example , labels can be rede 
signed to incorporate different isotopes and shotgun pro 
teomics involving mass spectrometry can be used for quan 
titative studies and better identification ( similar to SILAC 
but treated on protein mixtures after extraction ) . Julka S , 
Regnier F. Quantification in proteomics through stable iso 
tope coding : a review . J. Proteome Res . 2004 ; 3 : 350-363 ; 
Krusemark C J , Frey , B L , Smith L M , Belshaw P J , 
Complete chemical modification of amine and acid func 
tional groups of peptides and small proteins , In Gel - Free 
Proteomics , Methods in Molecular Biology , 753 ( Eds : 
Gevaert K , Vandekerckhove J ) Humana Press , New York , 
2011 , pp . 77-91 . 
[ 0131 ] The present invention relates to the field of 
sequencing proteins and peptides , and more specifically 
large - scale sequencing of single peptides in a mixture of 
diverse peptides at the single molecule level . In one embodi 
ment , the present application relates to a method to deter 
mine protein sequences ( including but not limited to partial 
sequences ) in a massively parallel fashion ( potentially thou 
sands , and even millions , at a time ) wherein proteins are 
iteratively labeled and cleaved to produce patterns reflective 
of their sequences . The patterns of cleavage ( even of just a 
portion of the protein ) provide sufficient information to 
identify significant fraction of proteins within a known 
proteome , i.e. where the sequences of proteins are known in 
advance . 

orption into the gas phase . Non - limiting example applica 
tions might therefore include single molecule detection of 
circulating proteins in humans or animals , leading to the 
determination of specific circulating biomarkers for e.g. 
tumors , infectious disease , etc. 
[ 0134 ] The sequential identification of terminal amino 
acid residues is the critical step in establishing the amino 
acid sequence of a peptide . As noted above , a drawback to 
Edman degradation is that the peptides being sequenced 
cannot have more than 50 to 60 ( more practically fewer than 
30 ) amino acid residues . Peptide length is typically limited 
because with each Edman cycle there is an incomplete 
cleavage of the peptides , causing the reaction to lose syn 
chrony across the population of otherwise identical peptide 
copies , resulting in the observation of different amino acids 
within a single sequencing cycle . This limitation would 
however not be applicable to single molecule Edman 
sequencing such as the method proposed , because the 
Edman cycling on each peptide is monitored independently . 
[ 0135 ] Amino acids buried within the protein core may not 
be accessible to the fluorescent label ( s ) , which may give rise 
to a misleading pattern of amino acids . In one embodiment 
of the present invention , such derivitization problems may 
be resolved by denaturing large proteins or cleaving large 
proteins or large peptides into smaller peptides before pro 
ceeding with the reaction . 
[ 0136 ] It was also noted above that , since Edman degra 
dation proceeds from the N - terminus of the protein , it will 
not work if the N - terminal amino acid has been chemically 
modified or if it is concealed within the body of the protein . 
In some native proteins the N - terminal residue is buried 
deep within the tightly folded molecule and is inaccessible 
to the labeling reagent . In one embodiment of the present 
invention the protein or peptide is denatured prior to pro 
ceeding with the Edman reaction ; in such cases , denatur 
ation of the protein can render it accessible . 
[ 0137 ] It was also noted that while the standard Edman 
degradation protocol monitors the N - terminal amino acid 
liberated at each cycle , in one embodiment the present 
invention monitors the signal obtained from the remaining 
peptide . 
[ 0138 ] It was also noted that unlike the Edman sequencing 
traditionally carried out by automated sequenators or 
sequencers in which complex mixtures of peptides cannot be 
analyzed , the current invention is capable of identifying 
individual peptides within a mixture . 

II . Fluorescence . 

I. Protein Sequencing . 
[ 0132 ] ile changes in nucleic acids inderlie dis 
ease , these changes are amplified and are most readily found 
in proteins , which are in turn present in compartments ( i.e. 
saliva , blood and urine ) that are accessible without invasive 
procedures such as biopsies . Unfortunately , despite 
advances in high - throughput DNA sequencing , methods for 
the large - scale identification and quantitation of specific 
proteins in complex mixtures remain unavailable . For 
example , a variety of techniques have been examined for 
identifying unique tumor biomarkers in serum , including 
mass spectrometry and antibody arrays . However , these 
techniques are hampered by a lack of sensitivity and by an 
inability to provide quantitative readouts that can be inter 
preted with statistical significance by pattern analysis . This 
deficiency underlies many biochemical assays and molecu 
lar diagnostics and represents a critical bottleneck in bio 
marker discovery . 
[ 0133 ] In one embodiment , the single - molecule technolo 
gies of the present application allow the identification and 
absolute quantitation of a given peptide or protein in a 
biological sample . This advancement is greater than five 
orders of magnitude more sensitive than mass spectrometry 
( the only major competing technology for identifying pro 
teins in complex mixtures ) , which cannot always accurately 
quantify proteins because of differential ionization and des 

[ 0139 ] Fluorosequencing refers to sequencing peptides in 
a complex protein sample at the level of single molecules . In 
one contemplated embodiment , millions of individual fluo 
rescently labeled peptides are visualized in parallel , moni 
toring changing patterns of fluorescence intensity as N - ter 
minal amino acids are sequentially removed , and using the 
resulting fluorescence signatures ( fluorosequences ) to 
uniquely identify individual peptides . In a more specific 
embodiment , a fluorosequencing method of the present 
inventions is contemplated to selectively label amino acids 
on immobilized peptides , followed by successive cycles of 
removing the peptide's N - terminal residues ( by Edman 
degradation ) and imaging the corresponding decrease of 
fluorescent intensity for individual peptide molecules . The 
resulting stair - step patterns of fluorescence decreases will 
provide positional information of the select amino acid 
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residues . This partial pattern is often sufficient to allow 
unique identification of the peptide by comparison to a 
reference proteome . One aspect of developing this method 
ology is to selectively conjugate fluorophores to amino acid 
residues via the side chain functional group . Another aspect 
is choosing fluorophores that are spectrally distinct from 
each other in addition to being inert ( i.e. resistant ) to the 
conditions used in Edman degradation chemistry . Therefore , 
during the development of the present inventions , experi 
ments were done for selectively orthogonally labeling amino 
acid side chain groups along with experiments for determin 
ing which fluorophores would be useful for both selective 
labeling and those that would survive Edman degradation 
chemistry by remaining bonded to the selected amino acid or 
chemistry group and continue to fluoresce at the expected 
wavelengths . 
[ 0140 ] The development of next - generation DNA and 
RNA sequencing methods has transformed biology , with 
current platforms generating > 1 billion sequencing reads per 
run . Unfortunately , no method of similar scale and through 
put exists to identify and quantify specific proteins in 
complex mixtures , representing a critical bottleneck in many 
biochemical and molecular diagnostic assays . What is 
needed is a massively parallel method , akin to next - gen 
DNA sequencing , for identifying and quantifying peptides 
or proteins in a sample . In principle , single - molecule peptide 
sequencing is contemplated to achieve this goal , allowing 
billions of distinct peptides to be sequenced in parallel and 
thereby identifying proteins composing the sample and 
digitally quantifying them by direct counting of peptides . As 
described herein , theoretical considerations of single mol 
ecule peptide sequencing are accessed which indicate a 
possible experimental strategy . Using computer simulations , 
the strategies are characterized for their potential utility and 
unusual properties for application to future proteomics tech 
nology . 
[ 0141 ] Embodiments of fluorosequencing strategy as 
described herein , are methods of identifying peptides based 
on the position of its fluorescently labeled amino acid . This 
can be achieved by detecting the decrease in the peptide's 
fluorescence intensity ( coinciding with the position of 
labeled amino acid ) through the amino acid cleavage steps 
of Edman degradation chemistry . The development of this 
technique includes testing for Edman solvent resistant fluo 
rophores , testing for target side chain or end specific 
reagents , and determining which reaction steps and / or order 
of these steps is successful , in addition to some optimization 
of underlying chemistry procedures for labeling peptides . 
[ 0142 ] Some of these procedures include ( a ) immobiliza 
tion of fluorescent peptides on solid supports and ( b ) per 
forming Edman chemistry to cleave one amino acid at a time 
from its N - terminus . While Edman degradation on immo 
bilized peptides was developed extensively on solid support 
[ 75,87,117 ] , the use of fluorescently labeled peptides and 
detecting their fluorescence on solid support as described 
herein or in solution provides a unique set of new challenges 
for successful methods of sequencing peptides . 
[ 0143 ] Thus in one embodiment , the first labels utilized in 
the methods described above is a fluorescent label . In 
another embodiment , the first and second labels utilized in 
the methods described above are both fluorescent labels . In 
the life sciences fluorescence is generally employed as a 
non - destructive means to track and / or analyze biological 
molecules since relatively few cellular components are 

naturally fluorescent ( i.e. intrinsic or autofluorescence ) . 
Important characteristics of fluorescent peptides are high 
sensitivity and non - radioactive detection . Fluorescent pep 
tides have been widely used in fluorescence fluorimetry , 
fluorescence microscopy , fluorescence polarization spec 
troscopy , time - resolved fluorescence and fluorescence reso 
nance energy transfer ( FRET ) . In general , the preferred 
fluorescent labels should have high fluorescence quantum 
yields and retain the biological activities of the unlabeled 
biomolecules . In one embodiment , a protein can be 
" labeled ” with an extrinsic fluorophore ( i.e. fluorescent dye ) , 
which can be a small molecule , protein or quantum dot ( see 
FIG . 16 ) . The fluorescent dye may be attached to a peptide 
at a specific point through a covalent bond , which is stable 
and not destructive under most physiological conditions . In 
some embodiments , a functional linker is introduced 
between the dye and peptide to minimize the alteration of 
peptide biological activity . Peptide labeling requires attach 
ing the dye at a defined position in the peptide ( i.e. N - ter 
minus , C - terminus , or in the middle of sequence ) . Examples 
of such embodiments are provided herein . 
[ 0144 ] A. Use of Tentagel® Beads as a Solid Substrate for 
Peptide Immobilization . 
[ 0145 ] During the development of the present inventions 
the Edman degradation process was tested on bulk fluores 
cently labeled peptide attached to beads for indicating 
success of the method's chemistry steps for fluorosequenc 
ing . Given the diversity of functional groups on commer 
cially available beads , Tentagel® beads were chosen as the 
platform for immobilizing fluorophores or peptides , opti 
mizing the chemistry and by image acquisition and process 
ing , quantitate the fluorescent peptide density ( see FIG . 35 
for a schematic of an exemplary method ) . Among the 
number of other commercially available beads such as 
controlled pore glass , magnetic beads , polystyrene beads 
etc. , Tentagel® beads have a set of advantages for this study 
due to their compressibility ( suitable for imaging by sand 
wiching them between glass slides ) , high peripheral density 
of functional groups ( enables quantitation of bound peptides 
and discriminating the non - specifically attached peptides ) 
[ 133 ] and availability as micron sized beads ( facilitating 
imaging and ability to be retained in many fritted syringes ) . 
[ 0146 ] Thus several types of tests were done using pep 
tides or fluorophore attached to Tentagel® beads during the 
development of the present inventions : primarily amine 
functionalized Tentagel® beads were tested as described 
herein to shortlist the fluorophore choices contemplated to 
be successful for performing fluorosequencing ; establishing 
a scheme for immobilizing peptides to the bead via their 
carboxyl termini and optimizing the Edman degradation 
procedure to provide information and data for discriminating 
multiple peptides . In one embodiment , a fluorophore was 
immobilized on a bead for testing resistance to Edman 
solvents of said fluorophore . In one embodiment , a peptide 
comprising Lysine attached to a fluorophore was immobi 
lized on a bead for testing resistance to Edman solvents . In 
one embodiment , testing was based on the position of certain 
fluorescently labeled Lysine residues in a peptide . 
[ 0147 ] 1. A Small Set of Fluorophores was Found Suitable 
for Use with Edman Solvents and Fluorophore Labeled 
Tentagel® Beads . 
[ 0148 ] Since the principle of fluorosequencing involves 
measuring the decrease in fluorescent intensity due to 
Edman degradation the fluorescence property of the fluoro 
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phores used should not affected by incubation with solvents 
used in the chemistry ( namely Trifluoroacetic acid ( TFA ) 
and pyridine ) . Such that , a decrease in fluorescent intensity 
should not be significantly altered by factors , such as the 
solvents , bleaching , nonspecific binding of ( or detachment 
of ) fluorophores ( dyes ) . 
[ 0149 ] Despite the long history of the studies on synthesis 
of fluorophores , it is not evident whether subjecting the 
fluorophores ( especially some of the commercially available 
fluorophores such as Atto647N , Alexa680 etc. with their 
superior quantum yields and publicly unavailable structures ) 
to Edman conditions will alter their inherent photo - physical 
properties . Although there is precedence for the use of some 
fluorophores such as fluorescein isothiocyanate ( FITC ) , 4 - N , 
N - dimethylaminoazobenzene 4 ' - isothiocyanate ( DABITC ) 
etc. [ 129 ] as Edman reagents , there is no generalizable 
structural patterns that can be applied to shortlist fluoro 
phores ( i.e. develop a list of Edman resistant labels ) for 
successful use in labeling for stable Edman degradation 
sequencing . Thus , empirically testing the fluorophores for 
their stability was a necessary and experimentally feasible 
route to narrow down the list of ideal fluorophores for the 
fluorosequencing technique , i.e. shortlisting for testing for 
use in the present inventions . 
( 0150 ] While Edman degradation was optimized to work 
with the different amino acid side chains and even glyco 
sylated side chains [ 132 ] with relatively high efficiency of 
> 90 % [ 128 ] , testing was necessary to determine whether the 
presence of bulky and charged fluorophore on the amino 
acid side chains hinder the reaction . Performing Edman 
degradation on synthetic peptides with known position of 
the fluorophores was contemplated for use to determine the 
efficiency of cleavage of the fluorescently labeled amino 
acid . 
[ 0151 ] The single molecule peptide sequencing method 
described herein involves , in one embodiment , measurement 
of fluorescent intensity after several cycles of Edman deg 
radation chemistry . Some dyes show good stability in the 
face of the organic conditions and solvents used . Others do 
not . In one embodiment , the method involves exposing the 
peptide ( with the fluorophores covalently attached to the 
side chain ) to an incubation in Pyridine / Phenylisothiocya 
nate ( PITC ) ( 9 : 1 vv ) and Trifluoroacetic acid ( TFA ) . While 
the fluorescence of certain classes of fluorophores are 
affected by these solvents , a number of fluorophores are 
relatively stable over the incubation time . Indeed , certain 
fluorophores like Alexafluor555 , Rhodamine - NHS and 
Atto647N , are inert to these solvents . The structures of these 
dyes , which have been shown to be very stable to these 
conditions , Rhodamine , Alexafluor555 and Atto647N are 
provided in FIG . 17. In another embodiment , a fluorophore 
was immobilized by an amide linkage to the surface of a 
bead , i.e. Tentagel bead , for testing resistance to Edman 
solvents of said fluorophore . 
[ 0152 ] Fluorophores , immobilized on Tentagel beads , 
were tested for changes in their fluorescence properties 
under prolonged 24 - hour incubation at 40 ° C. with 9 : 1 v / v 
pyridine / PITC ( reagent used for coupling reaction ) and neat 
trifluoroacetic acid ( reagent used for cleavage reaction ) 
separately . Stability under these extreme conditions ascer 
tains usefulness in shorter experimental cycles . The test on 
a palette of different classes of commercially available dyes 
spanning four excitation and emission filter spectra indicated 
that only a small number of fluorophores were suitable for 

the study . The fluorescence stability of the dyes after 24 h 
TFA and PITC / pyridine incubation shortlisted six fluoro 
phores that showed < 40 % change in fluorescence ( see FIG . 
36a ) . 
[ 0153 ] Among the narrowed set of fluorophores in the red 
and far - red fluorescence channels which showed a stable 
fluorescence after exposure to Edman solvents were Alexa 
Fluor 405 , Rhodamine B , tetramethyl rhodamine , Alexa 
Fluor 555 , Atto647N and ( 5 ) 6 - napthofluorescein , FIG . 36a . 
Dyes with rigid core structures such as rhodamine dyes 
( tetramethyl rhodamine , Alexa Fluor 555 ) , atto dyes 
( Atto647N ) ( also shown in FIG . 36b ) , and the like , were 
used for further studies as described herein . Due to the 
commercial availability of cheap dyes and a long history on 
the study of rhodamine dyes and their functionalization , 
further studies involved rhodamine dyes . In one preferred 
embodiment , tetramethylrhodamine is used as a label . 
[ 0154 ] In one embodiment , a peptide comprises Lysine , 
wherein said Lysine is labeled with tetramethylrhodamine . 
In one embodiment , a peptide comprises Lysine labeled with 
tetramethylrhodamine . In one embodiment , a peptide com 
prises Lysine labeled with tetramethylrhodamine attached to 
a solid support . In one embodiment , a peptide comprises 
Lysine labeled with tetramethylrhodamine attached to a 
Tentagel® bead . In one embodiment , a peptide comprises 
Lysine labeled with tetramethylrhodamine attached by its 
C - terminus to a Tentagel bead . In other embodiments , a 
peptide comprises Lysine , wherein Lysine is labeled with 
methyl - rhodamineB . In other embodiments , a peptide com 
prises Lysine , wherein Lysine is labeled with rhodamineB 
having a DMEDA linker , such that N , N ' - dimethylethylene 
diamine ( DMEDA ) is a linker between the rhodamineB 
fluorophore and the aspartic acid side chain of lysine . In 
other embodiments , a peptide comprises Lysine , wherein 
Lysine is labeled with rhodamine 101. In other embodi 
ments , a peptide comprises Lysine , wherein Lysine is 
labeled with silicon - rhodamine ( SiR ) : Si rhodamine B. 
[ 0155 ] Since the fluorescence imaging was performed at 
neutral pH , it is likely that the fluorescence properties of 
some of the chemically unstable fluorophores can be modi 
fied if the right protonation state is induced . Some dyes like 
Hilyte - 488 and BODIPY - FL showed shifts in their fluores 
cence spectra after their incubation under acidic conditions 
and were incapable of reverting back to its original fluores 
cence profile after solvent washes and incubation with pH 7 
buffer ( see FIG . 36b for BODIPY - FL example ) . 
[ 0156 ] While most of the dyes exhibited binding at the 
periphery , some fluorophores seemed to have high internal 
binding . Given the highly branched nature of the polysty 
rene bead matrix and the grafted polyethylene glycol layer , 
it is possible that the internal fluorescence represents non 
specific binding of the dyes to hydrophobic pockets . Many 
fluorophores , which were added in large excess , could 
possess different extents of non - specific binding despite the 
repeated washes with solvents . 
[ 0157 ] The reasons for the chemical instability of certain 
fluorophores are unclear and broad generalizations cannot be 
made based on core structure alone . Many commercially 
available fluorophores such as Hilyte647 ( Anaspec , Calif . , 
USA ) are packaged and sold with TFA salts and yet sur 
prisingly were not found to be acid stable under prolonged 
incubation . However , some empirical reasoning can explain 
the lack of stability of some fluorophores containing linear 
unsaturated bonds ( polyenes ) , such as those found in cya 
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nine or some BODIPY and Alexa Fluor dyes under pro 
longed TFA incubation . Thus it was contemplated that the 
protonation of unsaturated bonds under acidic conditions , 
inducing a cis - trans isomerization reaction , thereby chang 
ing the underlying electronics of the fluorescence structure 
of the dyes [ 134 ] . 
[ 0158 ] 2. Fluorescence of Rhodamine Dyes is pH Depen 
dent . 
[ 0159 ] The fluorescence from rhodamine dyes has been 
known to be pH dependent [ 136 ] requiring efforts to deter 
mine the most suit le imaging buffer . The investigation of 
pH dependence on the fluorescence properties of four dif 
ferent rhodamine labeled peptides ( see FIG . 39 for structure 
and positional nomenclature for rhodamine dyes and the 
peptides ) , indicated an environmentally induced variation in 
their behavior . 
[ 0160 ] The acidic environment of the imaging buffer ( pH 
1.0 ) caused the highest fluorescence of the rhodamine 
labeled peptides ( FIG . 40a ) . However the pH effect was 
most profound in the case of peptides labeled with rhod 
amine B ( peptide A ) and rhodamine 101 ( peptide B ) . This 
effect did not seem to occur for the case of tetramethylrho 
damine labeled peptide ( peptide C ) . The peptides A and B 
showed pH dependent fluorescence because the amide nitro 
gen foound at the 3 ' position is closer to the carbon position 
at 9 ( or 1 ' ) and results in a 5 membered ring formation . This 
spirolactam ring is known to quench fluorescence and occurs 
at a pH higher than 3.1 [ 137 ] . This spirolactam formation 
does not occur for tetramethylrhodamine since the succinate 
ester is present at the 5 ' - 6 ' position is not accessible to the 
central ring . The spironolactone formation , involving a ring 
formation with the carboxylate oxygen ( at 3 ' position ) can 
potentially quench fluorescence but requires a strong base 
such as piperidine . To test the hypothesis and prevent 
spirolactam formation in rhodamine B , an N , N ' - dimethyl 
ethylenediamine ( DMEDA ) linker between the rhodamine B 
fluorophore and the aspartic acid side chain of the peptide 
was made resulting in the methylated amine at the 3 ' position 
( Rhodamine B - DMEDA or mRhodamine B ) . This prevented 
ring closure of the rhodamine B variant and was demon 
strated by the independence of its fluorescence intensity with 
different pH imaging buffers . 
[ 0161 ] By exploiting the fluorescence dependence on pH 
for the different fluorophores , the fluorescence from a dye 
based on its pH and emission spectra is contemplated for use 
in the methods of the present inventions . While the highest 
fluorescence of rhodamine B dye was observed in pH 1 
buffer in the TRITC filter channel , the 5,6 - carboxynaphtho 
fluorescein had its highest intensity in the pH 10 buffer in the 
Cy5 filter channel ( FIG . 405 ) . 
[ 0162 ] This information is contemplated for use in a novel 
method of isolating two neighboring fluorophores from 
transferring resonance energy and thus preventing quench 
ing or FRET ( Forester Resonance Energy transfer ) behavior 
[ 37 ] . In one embodiment rhodamine dyes such as the ones 
used here would be used for this method . In one embodiment 
rhodamine dyes such as the ones used here would be used 
with other dyes , such as 5,6 - carboxynaphthofluorescein , 
having separate emissions depending upon the pH of the 
imaging buffer and / or emission spectra . 
[ 0163 ] 3. The Amide Bond Formed Between Succinate 
Ester and Amine Coated Beads is Specific and Occurs at the 
Bead Periphery . 
[ 0164 ] In addition , it is important that the chemistry link 
ing the dye is also stable . For example , there is good stability 
of the amide linkage ( between the succinidimyl ester group 
of the dye with the amine group of a bead ) and thioether 

linkage ( between the maleimide group of the dye with the 
thiol group of a bead ) after TFA and Pyridine / PITC incu 
bations . 
0165 ] a . Amide Linkage . 
[ 0166 ] The set of fluorophores discovered herein stable to 
the Edman solvents also highlights the fact that the amide 
bond formed between the succinimidyl ( succinate ) ester of 
the fluorophores and the free amines on the Tentagel bead 
was chemically inert to the harsh Edman conditions used in 
the experiment . The specificity of this amide bond formation 
was tested by comparing it with control experiments involv 
ing a carboxyl or a hydrazide functional group on Alexa 
Fluor 555 dye with the amine coated Tentagel beads ( see 
FIG . 37 ) . Internal binding of the dye was observed in these 
control experiments , while a clear peripheral binding was 
observed with the succinimidyl ester variant of the Alexa 
Fluor 555. The radial profile ( shown in the image inset ) 
elucidates the image processing methodology where cova 
lently bound fluorophores are clustered in the periphery of 
the beads while non - specifically adsorbed fluorophores are 
trapped within the beads . 
[ 0167 ] However , the isothiocyanate derivative of the 
tetramethylrhodamine dye did not show specificity for an 
amide linkage on the surface of the Tentagel beads . 
[ 0168 ] b . Thioether Linkage . 
[ 0169 ] However , even though a thiol - maleimide group 
linkage to some dyes might be stable to Edman solvents 
under certain circumstances , in this experiment there were 
indications of differences between types of linkages at the 
labeling steps when using Tentagel® beads , as described 
herein . 
[ 0170 ] For one example , a thioether linkage between a 
maleimide variant of Alexa Fluor555 and thio treated Tenta 
gel® beads showed no specific labeling of the bead , FIG . 37 , 
unlike the succinidimyl ester linkage of Alexa Fluor555 to 
an amine coated Tentagel® bead . 
[ 0171 ] It was contemplated that the failure of the amide 
linkage of tetramethylrhodamine isothiocyanate and the 
thioether linkage of the Alexa Fluor555 maleimide might 
have been due to the poor loading of the fluorophore . 
[ 0172 ] B ) N - Terminal Labeling . 
[ 0173 ] Amine - reactive fluorescent probes are widely used 
to modify peptides at the N - terminal or Lysine residue . A 
number of fluorescent amino - reactive dyes have been devel 
oped to label various peptides , and the resultant conjugates 
are widely used in biological applications . Three major 
classes of amine - reactive fluorescent reagents are currently 
used to label peptides : succinimidyl esters ( SE ) , isothiocya 
nates and sulfonyl chlorides . Fluorescein isothiocyanate 
( FITC ) is one of the most popular fluorescent labeling dyes 
and is predominantly used for preparing a variety of fluo 
rescent bioconjugates ; however , its low conjugation effi 
ciency and short shelf lifetime of FITC conjugates remain 
troublesome for some biological applications . 
[ 0174 ] 1 ) Fluorescent Dye Carboxylic Acids . 
[ 0175 ] Succinimidyl esters ( SE ) are extremely reliable for 
amine modifications because the amide bonds that are 
formed are essentially identical to , and as stable as , the 
natural peptide bonds . These reagents are generally stable 
and show good reactivity and selectivity with aliphatic 
amines . For the most part , reactive dyes are hydrophobic 
molecules and should be dissolved in anhydrous dimethyl 
formamide ( DMF ) or dimethylsulfoxide ( DMSO ) . The 
labeling reactions of amines with succinimidyl esters are 



US 2021/0072251 A9 Mar. 11 , 2021 
19 

strongly pH dependent . Amine - reactive reagents react with 
non - protonated aliphatic amine groups , including the termi 
nal amines of proteins and the e - amino groups of Lysines . 
Thus amine acylation reactions are usually carried out above 
pH 7.5 . Protein modifications by succinimidyl esters can 
typically be done at pH 7.5-8.5 , whereas isothiocyanates 
may require a pH 9.0-10.0 for optimal conjugations . Buffers 
that contain free amines such as Tris and glycine and thiol 
compounds must be avoided when using an amine - reactive 
reagent . Ammonium salts ( such as ammonium sulfate and 
ammonium acetate ) that are widely used for protein precipi 
tation must also be removed ( such as via dialysis ) before 
performing dye conjugations . Most conjugations are done at 
room temperature . However , either elevated or reduced 
temperature may be required for a particular labeling reac 
tion . 
[ 0176 ] 2 ) Fluorescent Dye Sulfonyl Chlorides . 
[ 0177 ] Sulfonyl chlorides are highly reactive and are 
unstable in water , especially at the higher pH required for 
reaction with aliphatic amines . Molecular modifications by 
sulfonyl chlorides should be performed at low temperature . 
Sulfonyl chlorides can also react with phenols ( including 
tyrosine ) , aliphatic alcohols ( including polysaccharides ) , 
thiols ( such as Cysteine ) and imidazoles ( such as histidine ) , 
but these reactions are not common in proteins or in aqueous 
solution . SC dyes are generally hydrophobic molecules and 
should be dissolved in anhydrous dimethylformamide 
( DMF ) . Sulfonyl chlorides are unstable in dimethylsulfoxide 
( DMSO ) and should never be used in this solvent . The 
labeling reactions of amines with SC reagents are strongly 
pH dependent . SC reagents react with non - protonated amine 
groups . On the other hand , the sulfonylation reagents tend to 
hydrolyze in the presence of water , with the rate increasing 
as the pH increases . Thus sulfonylation - based conjugations 
may require a pH 9.0-10.0 for optimal conjugations . In 
general , sulfonylation - based conjugations have much lower 
yields than the succinimidyl ester - based conjugations . Buf 
fers that contain free amines such as Tris and glycine must 
be avoided when using an amine - reactive reagent . Ammo 
nium sulfate and ammonium must be removed before per 
forming dye conjugations . High concentrations of nucleo 
philic thiol compounds should also be avoided because they 
may react with the labeling reagent to form unstable inter 
mediates that could destroy the reactive dye . Most SC 
conjugations are performed at room temperature , however 
reduced temperature may be required for a particular SC 
labeling reaction . 
[ 0178 ] 3 ) Fluorescent Dye Isothiocyanates . 
[ 0179 ] Isothiocyanates form thioureas upon reaction with 
amines . Some thiourea products ( in particular , the conju 
gates from a - amino acids / peptides / proteins ) are much less 
stable than the conjugates that are prepared from the corre 
sponding succinimidyl esters . It has been reported that 
antibody conjugates prepared from fluorescein isothiocya 
nates deteriorate over time . For the most part , reactive dyes 
are hydrophobic molecules and should be dissolved in 
anhydrous dimethylformamide ( DMF ) or dimethylsulfoxide 
( DMSO ) . 2 ) . The labeling reactions of amines with isoth 
iocyanates are strongly pH dependent . Isothiocyanate 
reagents react with nonprotonated aliphatic amine groups , 
including the terminal amines of proteins and the e - amino 
groups of Lysines . Protein modifications by isothiocyanates 
may require a pH 9.0-10.0 for optimal conjugations . Buffers 
that contain free amines such as Tris and glycine must be 

avoided when using an amine - reactive reagent . Ammonium 
salts ( such as ammonium sulfate and ammonium acetate ) 
that are widely used for protein precipitation must also be 
removed before performing dye conjugations . High concen 
trations of nucleophilic thiol compounds should also be 
avoided because they may react with the labeling reagent to 
form unstable intermediates that could destroy the reactive 
dye . Isothiocyanate conjugations are usually done at room 
temperature ; however , either elevated or reduced tempera 
ture may be required for a particular labeling reaction . 
[ 0180 ] 4 ) Cyanine Dyes . 
[ 0181 ] Cyanine dyes exhibit large molar absorptivities 
( 150,000-250,000M - 1cm - 1 ) and moderate quantum yields 
resulting in extremely bright fluorescence signals . Depend 
ing on the structure , they cover the spectrum from infrared 
( IR ) to ultraviolet ( UV ) . Cyanines have many uses as 
fluorescent dyes , particularly in biomedical imaging , laser 
technology and analytical chemistry . Cy3 and Cy5 are 
reactive water - soluble fluorescent dyes of the cyanine dye 
family . Cy3 dyes fluoresce in the green - yellow spectrum 
( ~ 550 nm excitation , ~ 570 nm emission ) , while Cy5 dyes 
fluoresce in the far red spectrum ( ~ 650 nm excitation , 670 
nm emission ) but absorb in the orange spectrum ( ~ 649 nm ) . 
The chemical structure of both Cy3 and Cy5 is provided in 
FIG . 8. A detailed synthesis scheme for producing isothio 
cyanate derivatives of these dyes is also provided ( FIG . 9 ) . 
In one embodiment , Cy3 and Cy5 are synthesized with 
reactive groups on either one or both of their nitrogen side 
chains so that they can be chemically linked to either nucleic 
acids or protein molecules . In one embodiment , this facili 
tates visualization and / or quantification of the labeled mol 
ecule ( s ) . A wide variety of biological applications employ 
Cy3 and Cy5 dyes , including for example , comparative 
genomic hybridization and in gene chips , label proteins and 
nucleic acid for various studies including proteomics and 
RNA localization . 
[ 0182 ] To avoid contamination due to background fluo 
rescence scanners typically use different laser emission 
wavelengths ( typically 532 nm and 635 nm ) and filter 
wavelengths ( 550-600 nm and 655-695 nm ) , thereby pro 
viding the ability to distinguish between two samples when 
one sample has been labeled with Cy3 and the other labeled 
with Cy5 . Scanners are also able to quantify the amount of 
Cy3 and Cy5 labeling in either sample . In some embodi 
ments , Cy3 and Cy5 are used in proteomics experiments so 
that samples from two sources can be mixed and run 
together thorough the separation process . This eliminates 
variations due to differing experimental conditions that are 
inevitable if the samples were run separately . 
[ 0183 ] C ) C - Terminal and Carboxylic Acid Attachment of 
Peptides . 
[ 0184 ] Among the different immobilization schemes 
investigated , the knowledge of the stability of the amide 
bond between the succinate ester and amine surface was 
used to optimize a crosslinking procedure to immobilize 
peptides to the amine surface via their carboxyl ( C ) 
termini [ 135 ] . Many solid phase Edman reactions have 
employed the use of EDC chemistry to immobilize peptides 
onto resin supports [ 85 ] . By performing EDC chemistry on 
amine coated glass beads and Tentagel beads , an exemplary 
scheme was developed for covalently immobilizing peptides 
on the solid supports . It is contemplated that the N - terminal 
amine group of the fluorescently labeled peptide is protected 
by either boc or fmoc protecting group to prevent the 
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formation of the peptide concatemers . When the amines on 
the peptide are not protected , then amide bond formation 
would occur between the carboxyl and the free amine group 
of peptides in the presence of EDC . Thus , in one embodi 
ment , peptides are covalently immobilized by their carboxyl 
( C ) terminal functional group . As one example , peptides are 
covalently immobilized to Tentagel - NH2 beads via their 
C - terminal carboxyl group and blocked by fluorenyl 
methoxycarbonyl ( fmoc ) at their N - terminal amines . 
[ 0185 ] In some embodiments , peptides are immobilized 
via carboxylic acid groups , including glutamic acid . In some 
embodiments , peptides are immobilized via carboxylic acid 
groups , aspartic acid . In some embodiments , peptides are 
immobilized via carboxylic acid groups and aspartic acid . In 
other embodiments , peptides are immobilized via carboxylic 
acid groups , including the C - terminus , glutamic acid and 
aspartic acid . In other embodiments , peptides are immobi 
lized via carboxylic acid groups , including the C - terminus 
and glutamic acid . In other embodiments , peptides are 
immobilized via carboxylic acid groups , including the C - ter 
minus and aspartic acid . 
[ 0186 ] 1. Amide Bond Stability with Fluorophores . 
[ 0187 ] It was observed herein , that the fluorescence inten 
sity of these immobilized peptides on Tentagel beads was 
unchanged with 24 - hour incubation with the Edman sol 
vents ( see FIG . 38a ) . Owing to the probable presence of 
hydrophobic pockets between the polymer matrices in 
Tentagel beads , which may give rise to false interpretation of 
binding , the EDC test was also done on aminosilane coated 
glass beads ( FIG . 386 ) . Under conditions prohibiting amide 
bond formation , there was little to no binding on the glass 
beads . Thus was demonstrated a strategy to immobilize 
peptides covalently on amine surface and show the stability 
of the bonds and surface to incubations with Edman sol 
vents . 
[ 0188 ] 2. Edman Degradation Occurs at High Efficiency 
on Tentagel® Beads . 
[ 0189 ] After determining the stability of the fluorophore 
and the amide bond between the peptide's carboxyl and the 
surface's amine groups , the efficiency of Edman chemistry 
was tested on three different peptides differing in the posi 
tion of its fluorescently labeled Lysine residue . Four cycles 
of Edman degradation were performed in parallel on the 
three peptides with the sequences ( fmoc ) -K * A , ( fmoc ) 
GK * A and ( fmoc ) -K * AK * A ( SEQ ID NO : 15 ) ( K * repre 
sents the Lysine labeled with tetramethylrhodamine at its E 
position ) . The peptides were immobilized on Tentagel beads 
via their C - termini and the fmoc protecting group at their 
N - termini was removed by incubation with 20 % Piperidine 
in DMF for 1 hour prior to Edman degradation . To control 
for any false enhancements or decreases in fluorescence of 
beads due to effect of solvents and not the Edman chemistry , 
the “ Mock ” degradation scheme of solvent incubation and 
washes were used . A “ Mock ” Edman cycle is similar to a 
regular Edman cycle , but without the reactive phenylisoth 
iocyanate reagent in the coupling solvent . The fluorescence 
profile of the beads through the Mock and Edman degrada 
tion cycles shows a statistically significant step drop coin 
ciding with the position of the labeled Lysine . As shown in 
FIG . 41 , Edman degradation was performed on three rhod 
amine labeled synthetic peptides ( KA , GKA and KAKA 
( SEQ ID NO : 
[ 0190 ] 15 ) ) immobilized to Tentagel - NH2 beads via their 
C - terminal carboxyl group and blocked by fluorenyl 

methoxycarbonyl ( fmoc ) at their N - terminal amines . After 
deblocking the peptide , the step decrease in fluorescence 
intensity ( in the TRITC channel ) for each peptide coincided 
with the position of the labeled Lysine as shown in the bar 
chart ( a ) . Any loss of fluorescence occurring due to the use 
of solvents is controlled by the mock experimental cycle . A 
60-70 % decrease in the overall intensity after the Edman 
cycles is observed for all the beads . The panel of images 
( with the radial profile in the inset ) are representative 
fluorescent images of the beads for each of the peptide used 
across all the experimental cycles . They provide a visual 
illustration of the decrease in the fluorescence of the beads 
that coincides with the position of the labeled Lysine resi 
due . The fluorescent bead images are acquired in the TRITC 
channel ( see methods for filter setup used ) at an acquisition 
of 20 milliseconds under pH 1 imaging buffer . 
[ 0191 ] Thus by tracking the fluorescence intensity 
decrease with Edman cycle , the positional information of 
Lysine residues was obtained in the three peptides . The 
determination of this positional information is the basis for 
fluorosequencing . 
[ 0192 ] Thus , a protocol used for Edman degradation was 
adapted and optimized from similar solid phase chemistry 
[ 70,78 ] and showed efficiency of cleavage ranging from 
60-90 % . Since Tentagel beads are heavily PEGylated ( com 
prising of polyethylene glycol ( PEG ) polymers ) , a number 
of sites are contemplated as available for strong non - specific 
binding of the hydrophobic peptides . Due to the accumula 
tion of functional groups and thereby covalent peptide 
binding at the periphery of the bead the true fluorescence 
intensity of the peptides on the bead was calculated in the 
area under its radial profile . Due to the unambiguous occur 
rence of a two - step drop in fluorescence intensity at Edman 
cycle 2 and 4 for the doubly labeled peptide ( fmoc ) 
K * AK * A ( SEQ ID NO : 15 ) or the presence of a single step 
drop at Edman cycle 2 for the case of ( fmoc ) -GK * A , Edman 
efficiency was estimated to be largely greater than 50 % , at 
least in the preceding steps . A lower efficiency would result 
in a decay of fluorescence with Edman cycles as opposed to 
a stepwise drop . The high efficiency of Edman degradation 
on these fluorescently labeled peptide variants demonstrate the practicality of performing fluorosequencing and Edman 
degradation on long fluorescently labeled peptides . 
[ 0193 ] D ) Side Chain Labeling . 
[ 0194 ] Side chain labeling protocols are used to tag and 
modify proteins . Mass - labels are routinely employed to 
understand biological processes such as expression , post 
translation modifications , and protein interactions . [ 1 ] Miss 
ing in these labeling studies is an orthogonal route integrat 
ing these standard mass - labeling protocols into a sequential 
fashion . Additionally missing is the use of modification 
protocols for labeling amino acid or reactive groups within 
a peptide with Edman stable fluorophores . Thus , a labeling 
route taking advantage of corroborated techniques with 
Edman stable dyes would be a useful approach for protein ) 
peptide mass spectrometry studies . Further , devising a gen 
eralized orthogonal labeling route is contemplated to have 
applications for synthetic peptide design . Additionally , func 
tionalizing different side chains on the same peptide using 
these orthogonal handles can be employed in the synthesis 
of novel , unnatural peptides . 
[ 0195 ] Known techniques for modifying side chains have 
gained widespread use with or without subsequent fluoro 
phore labeling . For example , guanidination kits are com 
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mercially available for targeting Cysteine and Lysine . The 
Cysteine is labeled with an iodoacetamide followed in the 
same - pot by selective labeling of Lysine using O - methyli 
sourea hemisulfate [ 2 ] Acylation and reductive alkylation 
are also employed to label both NE - amines and N - termini . 
Cross - labeling of Threonine , serine , and tyrosine occur 
under acylation and alkylating conditions . [ 4 ] Recently , 
amines have been modified via reductive methylation pre 
venting cross - reactivity with alcohol and phenol residues . 
Once these amines were modified , the Smith group achieved 
global labeling of aspartate and glutamate via amidation 
with amine - containing compounds . Furthermore , labeling 
studies of less abundant side chains have been explored . 
Horton , Koshland , and Scoffone demonstrated labeling of 
Tryptophan under acidic conditions using 2 - hydroxy - 5 - ni 
trobenzyl bromide and dinitrophenylsulfenyl chloride ( 5-7 ) . 
References are shown Example III . 
[ 0196 ] Protein / peptide modifications relate to the selectiv 
ity of the reagent for an amino acid . [ 1 ] Such that global 
labeling of amines and carboxylates is contemplated if the 
appropriate conditions and a sequence of successful deriva 
tization steps are discovered and used . 
[ 0197 ] Similarly , a proper protocol is needed to selectively 
hit ( i.e. specifically label ) target side groups by using iodo 
acetamide , guanidination reagents , and tryptophan labeling 
reagents . Minimizing cross - reactivity between each step 
might be achieved if the nucleophilicity , pK , of each side 
chain , reactivity of labeling reagent , reactions times , and 
temperature were considered . Strong nucleophiles like the 
thiol in Cysteine , or the amine in Lysine , and the N - terminus 
can be targeted first . Selective labeling of cysteine between 
pH 7-8 is possible , while labeling of amines is possible at a 
higher pH . [ 8 ] 
[ 0198 ] Thus in one embodiment , the first fluorophore is 
attached to a structure in a group consisting of a thiol in 
Cysteine , an amine in Lysine , and an N - terminus , the second 
fluorophore is attached to a structure selected from the 
amino acids having carboxylate side chains and / or a free 
C - terminus . In a further embodiment , a third fluorophore is 
attached to a Tryptophan . Thus , in one embodiment , the first 
fluorophore attached to Cysteine is iodoacetamide . In 
another embodiment , the first fluorophore attached to Lysine 
is 2 - methoxy - 4,5 - dihydro - 1H - imidazole . 
[ 0199 ] Since guanidinating reagents are selective for 
Lysine , distinguishing between the N , -amine and a - amine 
was explored herein . Labeling of the remaining amines is 
necessary before subsequent labeling steps . So , a different 
labeling reagent is required for labeling the N - termini . Once 
the most nucleophilic sites are labeled , the carboxylate side 
chains would then be targeted , followed by modification of 
the Tryptophan . Therefore , experiments described herein 
were designed to test this strategy . References are shown in 
Example V. Thus in one embodiment , target side chain 
labeling and / or end labeling will allow the attachment of 
specific fluorophores for fluorosequencing , such as 
described herein . 

[ 0200 ) As described herein , a series of orthogonal labeling 
steps , using the steps as described above , for labeling 
KDYWEC ( 1 ( SEQ ID NO : 3 ) ) was achieved ( FIG . 42 ) . 
Labeling studies were initially performed in solution - phase 
for ease of identification and purification . Once orthogonal 
labeling was achieved in solution phase , labeling studies 
were transitioned to the solid phase using model peptide 

KDYWE ( 2 ( SEQ ID NO : 4 ) ) . Examples and references are 
shown in section IV below and Examples IV and V. 
[ 0201 ] Solution - phase labeling of at least five targets in a 
peptide is shown in FIG . 43 and described in Examples IV 
and V. Thus in one embodiment , Cys is labeled first , Lys is 
labeled second , N - terminal labeling third , carboxylates ( side 
chains and C - terminus ) are labeled fourth , followed by Trp . 
labeling fifth . In one embodiment , the first label is selected 
from the group consisting of iodoacetamide and 2 - methyl 
thio - 2 - imadazoline hydroiodide ( MDI ) . In one embodiment , 
the second label is 2 - methoxy - 4,5 - dihydro - 1H - imidazole . In 
one embodiment , the third label is 1- ( 4,4 - dimethyl - 2,6 
dioxocyclohexylidene ) -3 - methylbutyl diethyl phosphate 
( Phos - ivDde ) . In one embodiment , the fourth label is 
selected from the group consisting of benzylamine ( BA ) , 
3 - dimethylaminopropylamine , and isobutylamine . In one 
embodiment , the fifth label is 2,4 - dinitrobenzenesulfenyl 
chloride . 
[ 0202 ] Solid - phase labeling of at least three targets in a 
peptide is shown in FIG . 44 and described in IV below and 
Examples IV and V. In one embodiment , Lys is labeled first , 
carboxylates are labeled second followed by Trp . labeling 
third . In one embodiment , the first label is 2 - methoxy - 4,5 
dihydro - 1H - imidazole . In one embodiment , the second label 
is ( 7 - Azabenzotriazol - 1 - yloxy ) tripyrrolidinophosphonium 
hexafluorophosphate ( PyAOP ) . In one embodiment , the 
third label is 2,4 - Dinitrobenzenesulfenyl chloride . In one 
embodiment , the peptide is attached to a resin , such as a 
hydrazinobenzoyl resin . 
[ 0203 ] The exemplary labels named herein are not meant 
to limit the scope of the inventions . Any label that selec 
tively targets an amino acid side chain or reactive group as 
described above may be used in these labeling methods . 
III . Single - Molecule Peptide Identification and Quantitation . 
[ 0204 ] As described herein , the invention provides ( 1 ) a 
method for developing orthogonal functional fluorophore 
linkers that selectively labels a plurality of classes of amino 
acids and / or targets on amino acids ( lysine , cysteine , carbox 
ylic acid and tryptophan residues ) ( 2 ) a method describing 
the sequence of labeling conditions , as a series of steps with 
increasing nucleophilicity , to selectively target the side 
chains of amino acid residues and ( c ) a screening method 
and compilation of select number of fluorophores inert to 
solvents used in Edman degradation . Additionally , dyes are 
chemically modified in order to prevent effects of pH on 
their fluorescence . 
[ 0205 ] The fluorophores along with the sequential chem 
istry of orthogonal conjugation to amino acid residues is 
coentmplated as a component of the fluorosequencing tech 
nology . In turn , the success of the fluorosequencing tech 
nology is contemplated to benefit the field of proteomics . 
[ 0206 ] In one embodiment , the present application relates 
to a method to determine protein sequences ( typically 
sequence information for a portion of the protein ) in a 
massively parallel fashion ( thousands , and optimally mil 
lions at a time ) wherein proteins ( or fragments / portions 
thereof ) are iteratively labeled and cleaved to produce 
patterns reflective of their sequences . It is not intended that 
the present invention be limited to the precise order of 
certain steps . In one embodiment , the proteins ( or peptide 
fragments thereof ) are first labeled and then immobilized , 
and subsequently treated under conditions such that amino 
acids are cleaved / removed . As one example , a strategy for 
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single - molecule peptide sequencing is shown schematically 
in FIG . 5B . Proteins are extracted and digested into peptides 
by a sequence - specific endo - peptidase . All occurrences of 
particular amino acids are selectively labeled by fluorescent 
dyes ( e.g. , yellow for tyrosine , green for tryptophan , and 
blue for lysine residues ) , and the peptides are surface 
immobilized for single - molecule imaging ( e.g. by anchoring 
via cysteine ) . The peptides are subjected to cycles of Edman 
degradation ; in each cycle , a fluorescent Edman reagent 
( pink trace ) couples to and removes the most N - terminal 
amino acid . The step drop of fluorescent intensity indicates 
when labeled amino acids are removed , which in combina 
tion with the Edman cycle completion signal , gives the 
resulting fluorosequence ( e.g. , “ WKKxY ... ” ( SEQ ID NO : 
16 ) i.e. W - K - K - x - Y - x ( SEQ ID NO : 2 ) etc. ) . Matching 
this partial sequence to a reference protein database identi 
fies the peptide . 
[ 0207 ] In another embodiment , acquiring information 
about the sequences of single proteins involves two related 
methods ( FIG . 8 ) . Peptides or proteins are first immobilized 
on a surface ( e.g. , via internal Cysteine residues ) and then 
successively labeled , pieces of the peptides are then cleaved 
away using either chemical , photochemical or enzymatic 
degradation . In either case , the patterns of cleavage provide 
sufficient information to identify a significant fraction of 
proteins within a known proteome . Given the extraordinary 
amount of DNA information that has already been accumu 
lated via NextGen DNA sequencing , the sequences of many 
proteomes are known in advance . 
[ 0208 ] A ) Immobilization and Labeling . 
[ 0209 ] In one embodiment , peptides or proteins are first 
immobilized on a surface ( via internal Cysteine residues ) , 
and successively labeled and cleaved away pieces of the 
peptides based on either chemical or enzymatic degradation 
( the two variations on the common theme ) . It is not intended 
that the present invention be limited to which amino acids 
are labeled . However , in a preferred embodiment , the chemi 
cal methodology entails labeling the lysyl residues of a 
peptide or protein with a single dye ( “ green ” in FIG . 8 ) . The 
Edman degradation method is then used to successive 
cleave amino acid residues away from the amino terminus of 
the immobilized peptide . In a preferred embodiment , the 
present application contemplates the use of a modified 
fluorescent derivative of the Edman reagent in order to 
successively label each newly exposed residue on the pro 
tein ( “ red ” in FIG . 9 ) . This successive labeling permits the 
efficiency of the reaction to be determined and also “ counts " 
the number of reaction cycles a given immobilized peptide 
has undergone . Determining when in the “ red ” count there 
occurs a coincident loss of “ green ” residues from a single 
peptide molecule provides sequence information about that 
specific peptide . Sequence information resulting from such 
analysis may be of the form X — X — X - Lys - X — X — X — X 
Lys - X - Lys ( SEQ ID NO : 1 ) ( for example ) . In another 
embodiment , rather than using a fluorescent second label 
( “ red ” in FIG . 5 ) , a non - fluorescent Edman reagent such as 
PITC can be employed instead ; in this case , the rounds of 
Edman cycling are simply counted as they are applied rather 
than monitoring each optically using the second label . 
[ 0210 ] In a preferred embodiment , the carboxylate side 
chains of glutamyl / aspartyl residues may be labeled with a 
third fluorescent molecule ( i.e. third color ) to further 
increase the amount of sequence information derived from 
each reaction . Informatic analyses indicate that performing 

20 cycles of Edman degradation in this method is sufficient 
to uniquely identify at least one peptide from each of the 
majority of proteins from within the human proteome . For 
descriptions and Examples , see above Section D , Side Chain 
Labeling , Section V , below , Solution - phase and Solid - phase 
labeling , and Examples V and VI . 
[ 0211 ] In a preferred embodiment , the surface coating is 
engineered for Edman chemistry and single molecule pep 
tide imaging . The surface , in one embodiment , is optically 
transparent across the visible spectra , has a refractive index 
between 1.3 and 1.6 , a thickness between 10 to 50 nm , and 
is chemically resistant to organic solvents and neat trifluo 
roacetic acid . A large range of substrates ( like fluoropoly 
mers ( Teflon - AF ( Dupont ) , Cytop ( Asahi Glass , Japan ) ) , 
aromatic polymers ( polyxylenes ( Parylene , Kisco , Calif . ) , 
polystyrene , polymethmethylacrytate ) and metal surfaces 
( Gold coating ) ) , coating schemes ( spin - coating , dip - coating , 
electron beam deposition for metals , thermal vapor deposi 
tion and plasma enhanced chemical vapor deposition ) and 
functionalization methodologies ( polyallylamine grafting , 
use of ammonia gas in PECVD , doping of long chain 
end - functionalized fluorous alkanes etc ) are all contem 
plated as approaches to obtain a useful surface . In one 
embodiment , a 20 nm thick , optically transparent fluoropo 
lymer surface made of Cytop can be used . This surface can 
be further derivatized with a variety of fluoroalkanes that 
will sequester peptides for sequencing and modified targets 
for selection . In another embodiment , aminosilane modified 
surfaces are employed . 
[ 0212 ] In other embodiments , peptides are immobilized on 
the surface of beads , resins , gels , or combinations thereof , 
quartz particles , glass beads , and the like . For examples , 
peptides are immobilized on the surface of Tentagel® beads , 
Tentagel® resins and the like . In some embodiments , the 
surface is coated with a polymer , such as polyethylene 
glycol . In some embodiments , the surface is amine func 
tionalized . In some embodiments , the surface is thiol func 
tionalized . 
[ 0213 ] B ) Cleavage . 
[ 0214 ] In another embodiment , the present application 
contemplates labeling proteins prior to immobilization fol 
lowed by the addition of a series of proteases that cleave 
very specifically between particular amino acid dimers to 
release the labels . The sequence information obtained by this 
method may be in the form of patterns such as Lys- [ Protease 
site 1 ] -Lys- [ Protease site 2 ] -Lys ( for example ) . While it is 
possible that multiple ( or zero ) protease sites may exists 
between given labels , the presence of multiple ( or zero ) 
protease sites is also information that can be used to identify 
a given peptide . As with the Edman degradation reaction , 
discussed above , informatic analyses reveal that proteases 
with approximately 20 different dimeric specificities are 
sufficient to uniquely identify at least one peptide from a 
substantial fraction of proteins from within the human 
proteome . In one embodiment , proteases with defined speci 
ficities may be generated using directed evolution methods . 
[ 0215 ] C ) Identification . 
[ 0216 ] A single molecule microscope capable of identify 
ing the location of individual , immobilized peptides is used 
to " read ” the number of fluorescent molecules ( i.e. dyes ) on 
an individual peptide in one - dye increments . The level of 
sensitivity is comparable to that available on commercial 
platforms , and should allow these subtractive approaches to 
be successful over several iterations . As indicated previ 
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to elements , components , or steps in a non - exclusive man 
ner , indicating that the referenced elements , components , or 
steps may be present , or utilized , or combined with other 
elements , components , or steps that are not expressly refer 
enced . 

ously , the resulting data does not provide a complete peptide 
sequence , but rather a pattern of amino acids ( e.g. X — X— 
X - Lys - X — X — X — X - Lys - X - Lys ( SEQ ID NO : 1 ) ) that can 
be searched against the known proteome sequences in order 
to identify the immobilized peptide . These patterns some 
times match to multiple peptide sequences in the proteome 
and thus are not always sufficiently information - rich to 
unambiguously identify a peptide , although by combining 
information from multiple peptides belonging to the same 
protein , the unique identification of proteins could be sub 
stantially higher . The present method relies on the fact that 
potentially millions or billions of immobilized peptides may 
be sequenced in an analysis ( for comparison , current single 
molecule Next - Gen DNA sequencing can sequence approx . 
1 billion reads per run ) , and thus that a very large proportion 
of these can be uninformative while still providing sufficient 
information from the interpretable fraction of peptide pat 
terns to identify and quantify proteins unambiguously . See 
Example IX for a computer simulation ( Monte Carlo ) of an 
embodiment of this method . 
[ 0217 ] D ) Quantitation . 
[ 0218 ] The ability to perform single molecule , high 
throughput identification of peptides from complex protein 
mixtures represents a profound advancement in proteomics . 
In addition to identifying a given peptide or protein , in one 
embodiment the present methods also permit absolute quan 
tification of the number of individual peptides from a 
mixture ( i.e. sample ) at the single molecule level . This 
represents an improvement to mass spectrometry , which is 
greater than 5 orders of magnitude less sensitive and which 
cannot always accurately quantify proteins because of dif 
ferential ionization and desorption into the gas phase . 
[ 0219 ] E ) Biomarkers . 
[ 0220 ] While other techniques have been used to identify 
unique tumor biomarkers in serum , including mass spec 
trometry and antibody arrays , these techniques have been 
greatly hampered by a lack of sensitivity and by an inability 
to provide quantitative readouts that can be interpreted with 
statistical significance by pattern analysis . In one embodi 
ment , the present application contemplates the identification 
of biomarkers relevant to cancer and infectious diseases . 
While changes in nucleic acids often underlie disease , these 
changes become typically amplified and are most readily 
found in proteins . These aberrant proteins are often present 
in discrete locations throughout the body that are accessible 
without invasive procedures such as biopsies , including for 
example , saliva , blood and urine . In one embodiment , a 
single molecule detection assay for circulating proteins may 
be performed in a particular animal model of disease ( e.g. , 
human proteins from xenografts implanted in mice ) to 
identify unique biomarkers . In a preferred embodiment , such 
assays may provide the foundation for identifying protein 
patterns in humans that are indicative of disease . For 
example , comparing the protein pattern in serum samples 
from cancer patients versus normal individuals . 
[ 0221 ] Thus , specific compositions and methods of iden 
tifying peptides at the single molecule level have been 
disclosed . It should be apparent , however , to those skilled in 
the art that many more modifications besides those already 
described are possible without departing from the inventive 
concepts herein . Moreover , in interpreting the disclosure , all 
terms should be interpreted in the broadest possible manner 
consistent with the context . In particular , the terms " com 
prises ” and “ comprising ” should be interpreted as referring 

IV . Single Molecule Sequencing . 
[ 0222 ] FIG . 4 depicts one embodiment of the single 
molecule peptide sequencing method . Briefly , selective 
labeling of amino acids on immobilized peptides followed 
by successive cycles of labeling and removal of the pep 
tides amino - terminal amino acids is capable of producing 
patterns sufficiently reflective of their sequences to allow 
unique identification of a majority of proteins in the yeast 
and human proteomes . FIG . 5 shows the simplest scheme 
with 2 fluorescent colors ( i.e. “ fluors ” or “ labels ” ) , in which 
fluor 2 ( red star ) labels the peptide amino termini ( N - ter 
mini ) over successive cycles of removal of the N - terminal 
amino acids and re - labeling of the resulting new N - termini , 
and fluor 1 ( green star ) labels Lysine ( K ) residues . The 
immobilization of fluor 2 on a peptide serves as an indicator 
that the Edman reaction initiated successfully ; its removal 
following a solvent change indicates that the reaction com 
pleted successfully . Fluor 2 thus serves as an internal error 
check - i.e . , indicating for each peptide which Edman cycles 
have initiated and completed successfully — and gives a 
count of amino acids removed from each peptide , as well as 
reporting the locations of all peptides being sequenced . 
Fluor 1 serves to indicate when Lysines are removed , which , 
in combination with the reporting of each Edman cycle by 
fluor 2 , gives the resulting sequence profile ( e.g. . . . XKX 

below ) that will be used to identify the peptide by 
comparison with a database of possible protein sequences 
from the organism being sequenced . In another embodiment , 
a second fluorescent label is not used ; instead , a non 
fluorescent version of the reagent which labels and removes 
the amino termini in successive cycles is employed ; in this 
embodiment , cycles are simply counted , resulting in the 
same sequence patterns ( e.g. ... XKX ... ) as in the above 
embodiment but without providing an internal error check 
for the successful initiation / completion of each Edman reac 
tion cycle . See Example IX for a computer simulation 
( Monte Carlo ) of an embodiment of this method . 
[ 0223 ] A ) Identification of Proteins in Yeast and Human 
Proteomes . 
[ 0224 ] FIG . 6 demonstrates that selective labeling of 
amino acids on immobilized peptides followed by succes 
sive cycles of labeling and removal of their amino - terminal 
amino acids is capable of producing patterns sufficiently 
reflective of their sequences to allow unique identification of 
a majority of proteins in the yeast and human proteomes . 
Plotted curves show results of computer simulation of 
successive cleavage of single N - terminal amino acids from 
all proteolytic peptides derived from the complete human or 
yeast proteome , top and bottom plots respectively . This FIG . 
6 depicts the results of various cutting ( “ Cut ” ) and labeling 
( “ Label ” ) scenarios . For example , " Cut E ” indicates that all 
human proteins were proteolyzed with the peptidase GluC in 
order to cut each protein after glutamate ( “ E ” ) residues . 
Similarly , “ Label ” simulates the results of initially labeling 
different subsets of amino acid residues . For example , 
“ Label K ” indicates that only Lysine ( “ K ” ) amino acid 
residues carry a detectable label ( e.g. a fluorescent molecule 
observable by single molecule fluorescence microscopy ) . 
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The sequencing reaction is not allowed to proceed beyond 
the Cysteine ( “ C ” ) residue since they are used to anchor the 
peptide sequence . FIG . 5 demonstrates that labeling schemes 
employing only two or three amino acid - specific fluorescent 
labels can provide patterns capable of uniquely identifying 
at least one peptide from a substantial fraction of the human 
or yeast proteins . Given that only one peptide is required to 
identify the presence of an individual protein in a protein 
mixture , and further given that the peptide may be observed 
repeatedly and the number of observations counted , FIG . 6 
demonstrates that this approach may both identify and 
quantify a large proportion of proteins in highly complex 
protein mixtures . This capability requires that the genomic 
sequence of the organism being analyzed is available to 
serve as a reference for the observed amino acid patterns . As 
indicated above , the complete human and yeast genomes are 
available to match against patterns of amino acid labels ( e.g. 
“ XXXKXXXKKXXXTX ... C ... E ” ( SEQ ID NO : 17 ) ) . 
[ 0225 ] B ) Lysine Content . 
[ 0226 ] FIG . 7 demonstrates that the numbers of Lysines 
per peptide are sufficiently low to monitor their count based 
on fluorescence intensity . The present method requires the 
ability to distinguish ( i.e. resolve ) different numbers of 
fluorescent molecules based on fluorescence intensity ; how 
ever , resolution naturally decreases as the number of Lysines 
in a single peptide increase . For example , while distinguish 
ing 3 Lysines from 2 Lysines only requires detecting a 33 % 
decrease in fluorescence intensity , high Lysine counts would 
require detecting proportionally smaller changes in fluores 
cence intensity ( e.g. only 5 % for the case of 21 Lysines 
versus 20 Lysines ) . Fortunately , the natural distribution of 
Lysine residues in peptides tends to be small ( top plot , 
shown for the yeast proteome ) , and therefore within the 
capacity of current fluorescent microscopes . The simulations 
depicted in FIG . 7 demonstrate that limiting sequencing to 
peptides with no more than eight Lysines nearly provides 
coverage for the full set of peptides in the yeast proteome 
( bottom plot , shown for the case of labeling K , cutting at E 
with Gluc , anchoring by C ) . 

protein mixtures are denatured in a solution containing , for 
example , urea or trifluoroethanol ( TFE ) and the disulfide 
bonds are reduced to free thiol group via the addition of 
reducing agents such as tris ( 2 - carboxyethyl ) phosphine 
( TCEP ) or DTT . 
[ 0230 ] B ) Protein Digestion , Labeling and Anchoring . 
[ 0231 ] Protein preparations are then digested by specific 
endopeptidases ( e.g. GluC ) , which selectively cleave the 
peptide bonds ' C - terminal to glutamic acid residue . The 
resulting peptides are labeled by a fluorescent Edman 
reagent ( label 1 ) such as fluorescein isothiocyanate ( FITC ) , 
rhodamine isothiocyanate or other synthesized fluorescent 
isothiocyanate derivative ( e.g. , Cy3 - ITC , Cy5 - ITC ) . Con 
siderations in choosing the first fluorescent Edman reagent 
( label 1 ) include 1 ) good reactivity towards available amine 
groups on Lysine residues and the N - terminus , 2 ) high 
quantum yield of the fluorescent signal , 3 ) reduced tendency 
for fluorescent quenching , and 4 ) stability of the fluorescent 
molecule across the required range of pH . 
[ 0232 ] Labeled peptides are then anchored to an activated 
glass or quartz substrate for imaging and analysis . In one 
embodiment , the substrate is glass coated with a low density 
of maleimide , which is chemically reactive to available 
sulfydryl groups ( SH– ) on the Cysteine residues in a subset 
of the peptide molecules . In a preferred embodiment , the 
substrate is glass coated with a layer of N- ( 2 - aminoethyl ) 
3 - aminopropyl trimethoxy silane and then passivated with a 
layer of methoxy - polyethylene glycol ) doped with 2-5 % 
maleimide - poly ( ethylene glycol ) , the latter of which is 
chemically reactive to available sulfhydryl groups ( SH ) 
on the cyesteine residues in a subset of the peptide mol 
ecules . In this embodiment only peptides that contain Cys 
teine residues are anchored to the solid surface ; peptides that 
do not contain Cysteine residues are washed away in suc 
cessive steps . In a preferred embodiment , peptides are 
preferably anchored with a surface density that is low 
enough to permit the resolution of single molecules during 
subsequent microscopy steps . In one embodiment , the order 
of the labeling and anchoring steps may be reversed , for 
example if required by the coupling - decoupling rate of the 
Edman reagent and its ability to produce thioazolinone 
N - terminal amino acid derivatives . 
[ 0233 ] C ) Edman Sequencing in a Microscope Flow Cell . 
[ 0234 ] Following labeling and anchoring of the peptides 
the substrate ( e.g. , glass slide ) is introduced into a flow cell 
in a fluorescence microscope equipped with total internal 
reflection illumination , which reduces background fluores 
cence . The flow cell is washed with purified water to clean 
the surface . Steps 2 and 3 correspond to the Edman coupling 
steps , which are performed repeatedly with fluorescence 
microscopy images collected twice in each cycle once 
after cleavage and once after re - labeling . FIG . 10 is a 
diagram showing one embodiment of the working principle 
of a total internal reflectance fluorescence ( TIRF ) micros 
copy setup that can be used in sequence analysis . Other 
embodiments of the microscopy setup include the use of a 
scanning confocal microscope for visualizing the single 
molecules or a dove prism for performing TIRF . Using a 
motorized microscope stage with automated focus control to 
image multiple stage positions in the flow cell may allow 
millions of individual single peptides ( or more ) to be 
sequenced in one experiment ( see FIG . 10 , FIG . 11 , and FIG . 
12 ) . 

V. Two - Color Single - Molecule Peptide Sequencing 
Reaction . 

[ 0227 ] Proteins may be analyzed from natural or synthetic 
sources collected using standard protocols . For example , 
proteins may be isolated from human cells obtained from 
blood samples , tumor biopsies or in vitro cell cultures . In 
one embodiment , the present invention contemplates a two 
color single molecule peptide sequencing reaction . In other 
embodiments , protein sequencing protocols may include 
more than two fluorescent molecules ( e.g. covalently label 
ing a third fluorescent molecule with an additional type of 
amino acid ) to provide greater protein sequence and / or 
protein profile information . 
[ 0228 ] A ) Cell Sample Preparation . 
[ 0229 ] Isolated cells are resuspended in a standard lysis 
buffer that includes a reducing agent such as Dithiothreitol 
( DTT ) to denature proteins and break disulphide linkages 
and a protease inhibitor cocktail to prevent further protein 
degradation . Cells are lysed by homogenization or other 
lysis technique and the lysate centrifuged to obtain soluble 
cytosolic proteins ( supernatant ) and insoluble membrane 
bound proteins ( pellet ) . Samples may be further fraction 
ated , e.g. by chromatography , gel electrophoresis , or other 
methods to isolate specific protein fractions of interest . The 
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[ 0235 ] In the cleavage step trifluoroacetic acid ( TFA ) is 
introduced into the flow cell and incubated to complete the 
cleavage reaction . The liberated thiazolinone N - terminal 
amino acid derivative and residual TFA is washed away with 
an organic solvent such as -ethyl acetate . In a preferred 
embodiment , other solvents may be used to ensure that side 
products produced are effectively removed . In the re - label 
ing step the N - terminus of the anchored peptides is re 
labeled with a second Edman fluorescent reagent ( label 2 ) 
under mildly basic conditions . Considerations in choosing 
the second Edman fluorescent reagent ( label 2 ) include 
limiting fluorescence bleedthrough ( spectral crossover ) with 
label 1 by selecting fluorophores having well - separated 
absorption and emission spectra such that the fluors can be 
independently observed via microscopy , and having an 
efficient rate of decoupling from the labeled N - terminal 
amino acid . In one embodiment , portions of the emission 
spectrum of said first label do not overlap with the emission 
spectrum of said second label . The cleavage and re - labeling 
steps ( steps 2 and 3 , respectively ) are then repeated in cycles 
( i.e. , treating peptides to the successive rounds of Edman 
chemistry , involving TFA wash , vacuum dry , etc. ) with 
fluorescence microscopy imaging at each step , as described 
below , until sufficient data is collected ( e.g. , 20 or 30 cycles ) . 
[ 0236 ] D ) Single Molecule Fluorescence Microscopy . 
[ 0237 ] In one embodiment , a conventional microscope 
equipped with total internal reflection illumination and an 
intensified charge - couple device ( CCD ) detector may be 
used for imaging . ( For an example of such a scope appro 
priate for single molecule imaging , see Braslaysky et al . , 
PNAS , 100 ( 7 ) : 3960-4 ( 2003 ) [ 4 ] , ( herein incorporated by 
reference ) . Depending on the absorption and emission spec 
tra of the two fluorescent Edman labels employed , appro 
priate filters ( for example , a central wavelength of 515 nm 
for FITC and 630 nm for a rhodamine - ITC derivative ) are 
used to record the emission intensity of the two labels . 
Imaging with a high sensitivity CCD camera allows the 
instrument to simultaneously record the fluorescent intensity 
of multiple single peptide molecules distributed across the 
glass surface . In one embodiment , image collection is per 
formed using an image splitter that directs light through two 
band pass filters ( one suitable for each fluorescent molecule ) 
to be recorded as two side - by - side images on the CCD 
surface . FIG . 10 is a diagram showing one embodiment of 
a total internal reflectance fluorescence ( TIRF ) microscopy 
setup that can be used in sequence analysis . Using a motor 
ized microscope stage with automated focus control to 
image multiple stage positions in the flow cell may allow 
millions of individual single peptides ( or more ) to be 
sequenced in one experiment ( see FIG . 10 , FIG . 11 , and FIG . 
12 ) . By way of comparison , current generation single mol 
ecule DNA sequencers ( e.g. , available from Helicos ) can 
sequence approximately 1 billion single DNA molecules per 
experiment . 
[ 0238 ] As described above , for each Edman cycle the 
fluorescence intensity of label 1 will be recorded after each 
cleavage step . After the very first round of removal of label 
1 ( which corresponds to removing the labeled N - terminal 
amino acid ) , this label will exclusively label Lysine residues 
in the immobilized peptides , with a fluorescence intensity 
proportional to the count of Lysines in a given peptide . The 
loss and uptake of label 2 measured after each cleavage step 
and coupling step , respectively , serves as 1 ) a counter for the 
number of amino acid residues removed , and 2 ) an internal 

error control indicating the successful completion of each 
round of Edman degradation for each immobilized peptide . 
[ 0239 ] E ) Bioinformatic Analysis . 
[ 0240 ] Following image processing to filter noise and 
identify the location of peptides , as well as to map the 
locations of the same peptides across the set of collected 
images , intensity profiles for label 1 and label 2 are associ 
ated with each peptide as a function of Edman cycle . The 
label 1 intensity profile of each error free peptide sequencing 
reaction ( determined by the cycling of label 2 ) is trans 
formed into a binary sequence ( e.g. , 00010001100 ) in which 
a “ 1 ” precedes a drop in fluorescence intensity of label 1 and 
its location ( i.e. position within the binary sequence ) iden 
tifies the number of Edman cycles performed . This 
sequence , termed the binary intensity profile , represents a 
simplified version of the experimentally derived peptide 
sequence . 
[ 0241 ] The method has the ability to identify the location 
of peptides as well as the ability to follow these peptides 
after a number of steps . FIG . 13 shows one embodiment of 
labeled Lysines ( amine - reactive dye HiLyte 647 ) attached by 
Cysteines to maleimide - PEG quartz surface . The different 
pattern of fluorescence intensity with the different labeled 
Lysine content is revealed . The reactive dye used , HiLyte 
FluorTM 647 succidinimyl ester , is an amine - reactive fluo 
rescent labeling dye that generates the conjugates that are 
slightly red - shifted compared to those of Cy5 dyes , resulting 
in an optimal match to filters designed for Cy5 dye . Its 
conjugate may have better performance than Cy5 for fluo 
rescence polarization - based assays . FIG . 14 shows a com 
parison of single fluorescently - labeled peptides and alternate 
channel revealing low background fluorescence . When ana 
lyzing the peptides , one can observe the difference in the 
Edman degradation of the labeled single peptide molecules 
between a peptide that contains one versus two labeled 
Lysines ( see FIG . 15 ) . The fluorescence signal drops when 
the labeled Lysine is removed . Only fluorescence signal is 
found with labeled Lysines . One can also use quantum dots 
as a guide in analysis of large numbers of peptides from by 
scanning the microscope and tiling images ( see FIG . 16 ) . 
[ 0242 ] A database of predicted potential proteins for the 
organism under investigation is used as a reference database . 
For example , in one embodiment the human protein data 
base , compiled from the UniProt protein sequence database 
and containing 20,252 translated protein sequences , may be 
used as the reference dataset . A list of potential peptides is 
generated by simulating the proteolysis , labeling and 
anchoring approach used in the experiment . In the example 
provided above , this corresponds to cutting by Gluc , label 
ing of Lysines and anchoring of peptides via Cysteines . Each 
unique peptide generated in this simulation may be trans 
formed to its corresponding binary sequence ( e.g. 
0001000110 ) , retaining its mapping to the protein sequence 
and ID from which it was formed . This creates a lookup 
database indexing potential binary sequences derived from 
that organism's proteome to unique protein IDs . 
[ 0243 ] The binary intensity profile of each peptide , as 
generated from the single molecule microscopy , is then 
compared to the entries in the simulated peptide database 
( step 3 ) . This provides the protein ID , if available , from 
which the peptide is uniquely derived . Performing this 
lookup over all measured profiles results in the identification 
of the set of proteins composing the complex protein mix 
ture . Many binary intensity profiles may not have a unique 
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match in the database . In one embodiment , advanced bio 
informatics analyses could consider the multiplicity of 
matches and infer the most likely proteins present . In 
another embodiment , a simple approach is to just ignore all 
of these cases and rely only upon uniquely matching cases 
to build evidence for proteins being present . Quantitation is 
then accomplished by counting peptides derived from each 
protein observed . Since this approach is intrinsically digital , 
the count of peptides from each protein should be propor 
tional to the abundance of the protein in the mixture . In 
another embodiment , the efficiencies of the reaction steps , 
including the labeling , Edman reagent coupling , and Edman 
reagent cleavage reactions can be measured or estimated and 
then incorporated in the computational search of the pro 
teome sequences in order to provide a probabilistic estimate 
of the identification of a particular peptide or protein in the 
database . 

[ 0244 ] F ) Variations . 
[ 0245 ] Variants to the above protocol are contemplated . In 
one embodiment , to improve signal to noise during single 
molecule imaging , oxygen- and free radical - scavenging and 
triple quenching components are included in the solution 
( e.g. , see Harris et al . , Science 320 , 106 ( 2008 ) [ 5 ] , ( herein 
incorporated by reference ) . In another embodiment , the 
surface of the solid support can be modified chemically , such 
as by coating with polyethylene glycol , in order to suppress 
nonspecific adsorption to the surface and thus improve the 
signal to noise ratio for the fluorescent detection of peptides . 
In another embodiment , more than two fluorescent mol 
ecules may be used to label additional amino acids . Such an 
approach might involve , for example , covalently labeling 
Lysines with a fluorescent Edman reagent prior to sequenc 
ing ( as described above ) and also covalently labeling amino 
acids with carboxylate side chains ( e.g. , glutamate , aspar 
tate ) with a second fluorescent molecule ( chosen for spectral 
compatibility ) , then proceeding with Edman degradation 
cycles using an Edman reagent labeled with a third fluores 
cent molecule . This method would provide more informa 
tion - rich sequence profiles for identifying many more pep 
tides . In another embodiment , an alternate imaging strategy 
involves the use of scanning confocal microscopy . In yet 
another embodiment , the cleavage / re - labeling steps of the 
Edman reaction are replaced with a protocol in which the 
re - labeling is performed using the Edman label 2 ( as above ) , 
but then the cleavage step is performed using an aminopep 
tidase enzyme to remove the labeled amino - terminal amino 
acid . This would allow all reactions to be performed in 
aqueous solvent and simplify the apparatus by decreasing 
the need for organic solvents . In this embodiment , the 
aminopeptidase would be selected such that it requires and 
tolerates the presence of label 2 on the amino - terminal 
amino acid , therefore it would likely have to be optimized 
using in vitro evolution techniques to be suitable for use in 
sequencing . 
[ 0246 ] In yet another embodiment , the successful removal 
of amino acids occurs from the carboxy terminus of the 
peptide , thereby revealing C - terminal sequences instead of 
N - terminal sequences . In a preferred embodiment , this 
approach employs , for example , engineered carboxypepti 
dases or small molecule reagents reacting analogous to the 
N - terminal Edman chemistry but operating from the C - ter 
minus of the peptide . 

VI . Exemplary Labeling of Amino Acids with Two Different 
Fluorophore Prior to Solid Phase Peptide Synthesis and 
General Peptide Synthesis . 
[ 0247 ] This Example ( and in Example VIII ) describes the 
creation and use of a building block and / or control peptide 
for use in solid phase peptide synthesis . Thus in one embodi 
ment , eliminating the need to create more than one orthogo 
nal dye label . The main criteria for the building block 
peptide was that it could be created in fairy large quantity 
( 2-5 g ) for use on the peptide synthesizer , such large 
amounts were required to account for the inefficiency of the 
solid phase synthesis . 
[ 0248 ] A. Boc - Asp - OBzl Peptide Labeled with Rhod 
amine B via HCTU Coupling . See , FIG . 61 . 
[ 0249 ] In this embodiment of the method , one of either 
BOC or FMOC Asp - OBzl was used to generate a building 
block . The majority of the synthesis proceeded without 
purification ( other than step 2 ) . This series of reactions can 
also be done on 5 g scale . Step 5 ( see FIG . 61 ) is needed in 
the instance where R = FMOC . In this case , the basic condi 
tions of step 3 ( DIPEA ) can de - FMOC the Asp , which needs 
to be protected before use on the surface . The use of a BOC 
protecting group on the amine makes this synthesis straight 
forward because there are no de - protection steps , however , 
it is labeled under the same conditions as a Wang resin . On 
any peptide where a BOC protecting group is present , it 
should be the final amino acid added . 
[ 0250 ] B. FMOC - Cys Peptide Labeled with Rhodamine B 
via Iodoacetamide Handle . See , FIG . 62 . 
[ 0251 ] Fmoc - Cys ( Trt ) -OH can be easily de protected in 
one step with a quantitative yield . The rhodamine B iodo 
acetamide should be prepared on a several gram scale . In a 
reaction solution , combining the FMOC - Cys with the Rho 
damine B iodoacetamide goes to completion within 6 hours , with very little by - product , requiring no purification . The 
FMOC protected amino acid can be placed in any location 
along the peptide sequence . 
[ 0252 ] NHS Activation steps in A. and B. , above , are 
generally described in Chen et al . Dyes and Pigments 94 , 
296-303 ( 2012 ) . 
[ 0253 ] C. Making a Peptide that is Labeled with Two 
Different Dyes . 
[ 0254 ] In this dye sequencing scheme , two different color 
dyes are used to label two different Cys moieties on a 
peptide . Using a building block that was synthesized . Cyst 
Rhodamine B ( See B above , as shown in FIG . 62 ) another 
dye containing an iodoacetamide handle needs to be syn 
thesized for use as a second label . 
[ 0255 ] There are literature reports of a rhodamine - based 
dye containing a Silicon atom replacing the oxygen of the 
core structure of the dye . This atom replacement shifts the 
wavelength of emission from ~ 550 nm to ~ 640 nm , a 
distance spectrally resolve enough to limit FRET pairing 
( A ) . Synthesis of the core structure is a literature report 
procedure ( Lukinavic ius et al . Nature Chemistry 5 , 132-139 
( 2013 ) ) . 
[ 0256 ] The synthetic strategies for using Si - Rhodamine 
involve the development of a “ handle ” attached to and using 
the core Si - Rhodamine structure designed during the devel 
opment of the present inventions . The method here for 
labeling Cyst with Si - Rhodamine is the same as in B ) above , 
for labeling the Cys with a rhodamine B dye using a 
iodoacetamide handle . From the 9 linear steps for producing 



US 2021/0072251 A9 Mar. 11 , 2021 
27 

Si - Rhodamine as a label ( see FIG . 63 ) , the overall yield is 
4 % with column chromatography purification at the final 
step . 
[ 0257 ] Labeling strategy : In brief , starting with the build 
ing block made in B above , then treating it to solid phase 
peptide synthesis to make a peptide having a Cyst amino 
acid labeled with Rhodamine B was accomplished . In this 
case a 12 amino acid peptide was made having a Cys 
Rhodamine B. 
[ 0258 ] Following the general steps to remove a peptide 
from a resin and wash it , this peptide was then reacted , 
without purification , with the Si - Rhodamine iodoacetamide 
as described herein . In slightly basic conditions , the 2 
position Cys was labeled by the SN2 of the iodine atom . 
Following HPLC purification , the high - resolution Mass 
Spectrometry confirmed that the 12 amino acid peptide was 
labeled with 2 different colored dyes . See , FIG . 64 . 
[ 0259 ] D. Exemplary methods for peptide synthesis are 
described herein . In brief , peptides in general were synthe 
sized using a standard automated solid - phase peptide syn 
thesizer , and purified using high - performance liquid chro 
matography ( HPLC ) or C18 solid phase extraction . 
Examples of resins used for solid - based peptide synthesis 
include but are not limited to Fmoc - Cys ( Trt ) -Wang resin 
( 100-200 mesh ) , 4 - Fmoc - hydrazinobenzoyl resin AM Nova 
gelTM , Tentagel Thiol Resin , and the like . See FIG . 18 as an 
example . 

VII . Solution Phase and Solid - Phase Labeling . 
[ 0260 ] A sequential and orthogonal scheme of common 
mass - labeling reactions , first solution and then solid , was 
developed as described herein , for modifying peptides . In 
particular , solution - phase labeling orthogonal labeling of 
side chains in synthesized peptide KDYWEC ( SEQ ID NO : 
3 ) with solid - phase in synthesized peptide KDYWE ( SEQ 
ID NO : 4 ) is demonstrated . In other examples , solution 
phase labeling is on synthesized model peptides : peptides 
containing Cysteine ( A ) YKTCYTD ( SEQ ID NO : 5 ) , B ) 
KCGGYCD ( SEQ ID NO : 6 ) , and C ) GYCKCTD ( SEQ ID 
NO : 7 ) ) , FIG . 47 and model peptides containing Lysine ( K ) , 
and Tryptophan ( W ) ( KCTWGCD ( SEQ ID NO : 18 ) , 
WGCTKWD ( SEQ ID NO : 19 ) ) . 
[ 0261 ] A. Orthogonal Labeling in Solution Phase of the 
Target Side Chains in Peptide KDYWEC ( SEQ ID NO : 3 ) . 
[ 0262 ] The majority of the side chains , N - terminus , and 
C - terminus were labeled . No additional heating was 
required to label N - terminal amine with ivDde when using 
Phos - ivDde . Thus , in one embodiment , Cysteine side chains 
are solution labeled with iodoacetamide with or without 
subsequent labeling with 2 - methylthio - 2 - imadazoline 
hydroiodide ( MDI ) . In one embodiment , Lysine side chains 
are solution labeled with 2 - methoxy - 4,5 - dihydro - 1H - imida 
zole . In one embodiment , Tryptophan side chains are solu 
tion labeled with 2,4 - Dinitrobenzenesulfenyl chloride 
( DBSC ) . 
[ 0263 ] In one embodiment , carboxylate side chains are 
solution labeled with Benzylamine ( BA ) . In one embodi 
ment , carboxylate side chains are solution labeled with 
3 - dimethylaminopropylamine ( DMAPA ) . In one embodi 
ment , carboxylate side chains are solution labeled with 
isobutylamine . In one embodiment , carboxylate side chains 
are solution labeled with 3 - dimethylaminopropylamine . 

[ 0264 ] In one embodiment , the N - terminus of a peptide is 
solution labeled with 1- ( 4,4 - dimethyl - 2,6 - dioxocyclohex 
ylidene ) -3 - methylbutyl diethyl phosphate ( Phos - ivDde ) . 
[ 0265 ] In one embodiment , the C - terminus of a peptide is 
solution labeled with Benzylamine ( BA ) . In one embodi 
ment , the C - terminus of a peptide is solution labeled with 
3 - dimethylaminopropylamine ( DMAPA ) . In one embodi 
ment , the C - terminus of a peptide is solution labeled with 
isobutylamine . In one embodiment , the C - terminus of a 
peptide is solution labeled with 3 - dimethylaminopropylam 
ine . 
[ 0266 ] B. Orthogonal Labeling in Solid - Phase Studies for 
Peptide KDYWE ( SEQ ID NO : 4 ) . 
[ 0267 ] Labeling all target side chains was possible while 
omitting the labeling of the A - amine . Oxidative cleavage of 
the resin provided flexibility to choose between releasing 
labeled or unlabeled C - terminus . The use of 1 - amino - 3 
butyne as the carboxylate - labeling reagent introduced fur 
ther functionality that is contemplated for use in other 
reaction embodiments . Such an approach can have many 
applications for peptide labeling studies and novel synthetic 
peptide design . Other labels , like fluorescent probes , can be 
designed to have the same functional handles as described 
herein . 
[ 0268 ] In one embodiment , Lysine side chains are solid 
phase labeled , wherein the peptide is attached to a solid 
material , with 2 - methoxy - 4,5 - dihydro - 1H - imidazole . In one 
embodiment , Cysteine side chains are solid - phase labeled 
with 2 - methylthio - 2 - imadazoline hydroiodide ( MDI ) . For 
solid - phase labeling , a different method was described in the 
examples than used for solution phase labeling Cysteine , of 
as described above . Further , solid - phase orthogonal labeling 
of Cysteine as described herein , showed surprising results 
compared to published descriptions , see , Example V as an 
example for details . In one embodiment , Tryptophan side 
chains were solid - phase labeled with 2,4 - Dinitrobenzene 
sulfenyl chloride ( DBSC ) . In one embodiment , Tryptophan 
side chains were solid - phase labeled with 1 - amino - 3 - butyne 
( AB ) . 
[ 0269 ] In one embodiment , carboxylate side chains are 
solid - phase labeled with 1 - amino - 3 - butyne ( AB ) . 
[ 0270 ] C. Orthogonal Labeling in Solution Phase of the 
Target Side Chains in Peptides Containing Cysteine , Lysine 
and Tryptophan . 
[ 0271 ] One , two , and at least three different amino acids 
can be labeled depending on the ( orthogonal ) reaction 
conditions . Thus , in one embodiment , solution phase fluo 
rophore labeling , i.e. one up to three types of amino acids of 
model peptides , is intended for C - terminal immobilization 
and sequencing . In particular , this method describes embodi 
ments for labeling Lysines using an isothiourea method and 
labeling tryptophan in addition to using Rhodamine B 
iodoacetamide for Cysteine labeling ; Rhodamine B or Si 
Rhodamine B for Tryptophan . See , Example VII . 
[ 0272 ] Model peptides were synthesized containing Cys 
teine and Lysine : A ) YKTCYTD ( SEQ ID NO : 5 ) , B ) 
KCGGYCD ( SEQ ID NO : 6 ) , and C ) GYCKCTD ( SEQ ID 
NO : 7 ) ) , FIG . 48. Additional model peptides were synthe 
sized containing Cysteine , Lysine and Tryptophan 
( KCTWGCD ( SEQ ID NO : 18 ) , WGCTKWD ( SEQ ID NO : 
19 ) ) and peptides Serine - Tryptophan ( Ser - Trp ; SW ) and Ala 
nine - Aspatate and Tryptophan ( Ala - Asn - Trp ; ANW ) . Pep 
tides were synthesized on a microwave peptide synthesizer . 
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isourea . For example , in one embodiment , Lysine is labeled 
with Si Rhodamine B. This labeled Lysine was contemplated 
for use with Tryptophan labeled with Rhodamine B. In 
another embodiment , Lysine is labeled with Rhodamine B or 
a Rhodamine B derivative ( variant ) . Additionally , as shown 
in FIG . 53A , this method selectively labels lysine over the 
N - terminus . 

VIII . Demonstrating Single Molecule Peptide Sequencing of 
Fluorescently Labeled Peptides at the Single - Molecule 
Level . 

* 

[ 0273 ] A : An Example of Solution Phase Labeling of 
Model Peptides for C - Terminal Immobilization and 
Sequencing 
[ 0274 ] 1. For Cysteine Labeling . 
[ 0275 ] Rhodamine B iodoacetamide : N , N - dimethylethyl 
enediamine was used to label Cysteine in a solution - phase 
method . This reaction was selective for Cysteine where the 
Lysine and N - terminus were boc - protected . Purified pep 
tides were confirmed by high - resolution mass spectrometry . 
FIG . 48 . 
[ 0276 ] 2. For Tryptophan Labeling . 
[ 0277 ] A model reagent , 4- ( butylcarbamoyl ) -2 - nitrophe 
nyl hypochlorothioite , see FIG . 48 for an exemplary struc 
ture , was made to label Tryptophan containing peptides . For 
this example , see model peptides above containing Trypto 
phan . The labeled Tryptophan was stable to Edman degra 
dation in solution . FIG . 49 . 
[ 0278 ] 3. For Lysine Labeling . 
[ 0279 ] An isothiourea was synthesized as a model reagent 
for Lysine labeling . FIG . 51A . Reaction of the isothiourea 
with Lysine dihydrochloride proceeded once . FIG . 51A . 
Reaction of the isothiourea with peptides proceeds slowly . 
FIG . 51B . 
[ 0280 ] This method of synthesis is an alternative to label 
ing lysine residues in that it does not include the use of the 
0 - methyl isourea . Further , this method selectively labels 
Lysine over the N - terminus . 
[ 0281 ] B : An Example of Solution Phase Labeling , One to 
Two Types of Amino Acids of Model Peptides Containing 
Lysine and Tryptophan for C - Terminal Immobilization and 
Sequencing . 
[ 0282 ] 1. For Lysine Labeling . 
[ 0283 ] Contemplated amino acid specific labels , such as 
for Lysine , are Rhodamine B and Si Rhodamine B ( sepa 
rately ) for solution phase labeling of the first of two amino 
acids with two differently colored dyes . For example , Lysine 
labeled with Si Rhodamine B was contemplated for use with 
Tryptophan labeled with Rhodamine B. 
[ 0284 ] 2. For Tryptophan Labeling . 
[ 0285 ] A Rhodamine B sulfenyl chloride was synthesized , 
as describe above for use in labeling Tryptophan . The 
synthesis is described above and in FIG . 52 . 
[ 0286 ] Two small peptides with Trp ( W ) amino acids were 
labeled with the Rhodamine B sulfenyl chloride . The 
expected product from this tryptophan reaction with the 
Rhodamine B sulfenyl chloride is observed in test reactions 
with two small peptides , Ser - Trp ( SW ) and Ala - Asn - Trp 
( ANW ) . See , FIGS . 53A and 53B , respectively . The Rhod 
amine B lable is attached to the Trp in FIG . 53A . The 
Rhodamine B lable is attached to the Trp in FIG . 53B . 
[ 0287 ] C. An Example of Solution Phase Labeling , One , 
Two or Three Types of Amino Acids of Model Peptides 
Containing Cysteine , Lysine and Tryptophan for C - Terminal 
Immobilization and Sequencing . 
[ 0288 ] 1. For Cysteine Labeling . 
[ 0289 ] In some embodiments , Cysteine labeling is as 
described herein for Lysine . 
[ 0290 ] 2. For Lysine Labeling . 
[ 0291 ] Contemplated amino acid specific labels , such as 
for Lysine , are Rhodamine B and Si Rhodamine B ( sepa 
rately ) for solution phase labeling of the first of two amino 
acids with two differently colored dyes . In particular , this 
labeling is contemplated as an alternative to labeling Lysine 
residues that does not include the use of the o - methyl 

[ 0292 ] This example shows exemplary tracking of single 
peptide molecules through Edman cycles and determining 
the position of the labeled amino acid . Specifically , two 
peptide populations differing in the position of their labeled 
amino - acid residue were discriminated in a mixture at 
single - molecule sensitivity using a single - molecule Edman 
peptide sequencing procedure . FIG . 65 shows a summary of 
these experimental results . 
[ 0293 ] Peptide A_labeled orange ( lighter left bar and left 
peptide ) in the diagram , with sequence ( boc ) -K * AGAAG 
( SEQ ID NO : 13 ) , where 
( Rhodamine = Tetramethylrhodamine ) ; and Peptide B - la 
beled blue ( daker right bar and right peptide ) in the diagram , 
with sequence ( boc ) -GK * [ Atto647MAGAG ( SEQ ID NO : 
14 ) . 
[ 0294 ] Peptides A and B were labeled via their Lysines 
with dyes excitable at 561 nm ( Rhodamine ) and 647 nm 
( Atto647N ) wavelengths , respectively . Both peptide popu 
lations were immobilized on a glass slide via their carboxyl 
terminuses , and the protecting boc groups were removed 
from their amino terminuses . Then , the peptides were 
observed via total internal reflection ( TIRF ) microscopy 
through several cycles of Edman degradation . Thousands of 
labeled peptides across multiple fields of view were indi 
vidually tracked in parallel , and their fluorescence after 
every cycle recorded . As a control , the first two cycles did 
not include the critical Edman reagent phenyl isothiocyanate 
( PITC ) that is needed to cleave an amino acid : i.e. , these 
were “ mock ” reactions to confirm that there was no loss of 
fluorophores merely due to any of the other chemical 
solvents or photobleaching . The subsequent eight cycles 
included PITC , allowing removal of amino acids . The num 
ber of fluorescent peptides in the 561 nm channel decreased 
dramatically after the first full Edman cycle , in accordance 
with the position of the 561 nm label on the first amino acid 
of Peptide A. Likewise , the number of fluorescent peptides 
in the 647 nm channel decreased after the second Edman 
cycle , in accordance with the position of the 647 nm label on 
the second amino acid of Peptide B. 
[ 0295 ] Peptide A : ( boc ) -K * [ Tetramethylrhodamine ] 
AGAAG ( SEQ ID NO : 13 ) and Peptide B : ( boc ) -GK * 
[ Atto647N ] AGAG ( SEQ ID NO : 14 ) were synthesized by 
Thermo Fisher Scientific ( IL , USA ) with a purity of > 95 % 
and validated by mass spectrometry . The fluorophores was 
covalently attached to the ? - amine of the lysine residue 
Aminosilane Slide Coating . 
[ 0296 ] Forty mm # 1 thick glass coverslips ( Bioptechs Inc. , 
PA , USA ) , were placed vertically in a custom made Teflon 
rack , and cleaned by washes and sonication with 5 % 
Alconox ( detergent ) , acetone , 90 % Ethanol and finally 1 M 
Potassium hydroxide ( KOH ) . Between each of the different 
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solvent washes , the slides were thoroughly washed with 
de - ionized water . The aminosilane coating step was carried 
out by incubating the slides for 20 minutes in 1 % Amino 
propyltriethoxy silane ( Cat # SIA0610 , Gelest Inc. , PA , 
USA ) dissolved in the acidified 5 % v / v of acetic acid / 
methanol solvent . The slides were sonicated intermittently 
for 1 minute to dislodge any adsorbed silane molecules . 
After incubation , the slides were rinsed thoroughly with 
methanol and water . It was then dried with nitrogen and 
stored under vacuum until use . The slides were imaged in 
water and methanol prior to peptide or fluorophore immo 
bilization to check for presence of fluorescing impurities . 

Solvents . 

[ 0297 ] Highest purity and mostly spectrophotometry 
grade solvents of Methanol ( Cat # 494437 , Sigma ) , Ethyl 
acetate ( Cat # 270989 , Sigma ) , Acetonitrile ( Cat # 34967 , 
Sigma ) , trifluoroacetic acid ( Cat # T6508 , Sigma ) , Pyridine 
( Cat # 270970 , Sigma ) , Dimethylformamide ( DMF , Cat 
# 270547 , Sigma ) , phenylisothiocyanate ( PITC , Cat # P1034 
10x1 ml , Sigma ) and water ( Cat # 5140 , Thermo Scientific ) 
was used for all the experiments . Coupling solvent , com 
prising of 9 : 1 v / v of pyridine : PITC , was freshly prepared 
before use . The coupling solvent and the free - basing solvent 
consisting of 10 : 3 : 2 : 1 v / v of acetonitrile : pyridine : triethyl 
amine : water was flushed with nitrogen for 5 minutes and 
maintained under nitrogen atmosphere by piercing the sep 
tum with a nitrogen filled balloon . The cleavage solvent used 
was 90 % TFA in water . The glass vials fitted with a sealable 
Teflon - silicone septum ( Cat # 27022 , Sigma ) used was rinsed 
with acetone and the solvent with which it is stored . The FEP 
tubing from the valves were pierced through the septum and 
the entire system was maintained under anoxic condition . 

reactions . In one embodiment , the present invention con 
templates identifying the individual sequence components 
of binders or catalysts . 
[ 0301 ] The nature of the platform will assist with the 
identification of the highest affinity molecules and the fastest 
catalysts . This is because one can carry out screens and 
selections at the single molecule level , directly on the 
platform used for sequencing . Molecular populations can be 
introduced directly into the same flow cell used for sequenc 
ing . The surface of the flow cell will have been previously 
derivatized or modified with target molecules . A cyclic flow 
will be established such that the population is allowed to 
thoroughly equilibrate with the targets . The cyclic path will 
then be opened for washing , allowing molecules that do not 
bind tightly enough to their targets to be successively 
washed away . This is , in essence , a koff selection , and it has 
been previously employed to great effect to sieve large 
libraries , such as libraries of aptamers . The progress of the 
selection can be directly monitored by the simple expedient 
of attaching dyes to the library , and periodically inquiring of 
the surface how many single molecules are present . This 
method also allows tuning of the stringency of selection , 
both in advance of the selection proper and during the 
winnowing of the pool . 
[ 0302 ] In one embodiment , competitive ( affinity ) or non 
competitive ( passivation ) molecules can also be introduced 
into the flow stream . Control of selection at the single 
molecule level should allow for selection of a few thousand 
molecules ( for sequencing out of hundreds of thousands , to 
millions to even billions of molecules . 
[ 0303 ] In one embodiment , the present invention contem 
plates selection for binders to important or useful targets . 
For example , the present invention contemplates synthesis , 
selection and sequencing of individual polymers that can 
bind to phosphoryl fluorides ( diethylchlorophosphate and 
diethylfluorophosphate ) or other toxic substances . In one 
embodiment , binders to other targets are made , selected and 
sequenced , including but not limited to synthesizing and 
selecting individual polymers that bind to hen egg white 
lysozyme , ovalbumin , maltotriose , lanatoside C , erlose , and 
the like . 
[ 0304 ] Selection for catalysis can be performed in a simi 
lar manner . In one embodiment , catalysts for reactions that 
degrade toxins are contemplated . For example , in one 
embodiment , catalysts for the hydrolysis of organophospho 
nic di- and mono - chlorides will be sought . In another 
embodiment , the present invention contemplates catalysts 
for phosphoaryl fluoride ( a toxic gas ) hydrolysis , including 
gas phase alkaline hydrolysis . In one embodiment , catalysts 
are selected that release themselves from interactions with 
their ligand , only to be carried into the chamber for single 
molecule sequencing . Following sequencing , additional 
rounds of screening or selection can be carried out by 
resynthesis of the population , focusing on validated binding 
or catalytic species , and then once again winnowing the pool 
within the flow cell on the surface of the device . 
[ 0305 ] Single molecule resolution provides important 
advantages for advancing polymer characterization . By tak 
ing into account the extent of aggregation on the surface , one 
can quickly determine soluble compositions , and by deter 
mining the volume of wash solution required for removal of 
a given fluorescent pixel , it should be possible to readily 
calculate the K , of the underlying binding species . 

Fluidics System . 
[ 0298 ] The aminosilane coated glass coverslip housed in a 
microfluidic chamber was adapted from the FCS2 perfusion 
chamber ( Bioptechs Inc. , PA , USA ) . The vendor supplied 
upper and the lower gaskets was replaced with 0.03 " per 
fluoroelastomer Kalrez® - 0040 material ( DuPont Inc. , local 
vendor - Austin Seals company , TX , USA ) and a diamond 
shape was cut in the lower gasket ( die Number_452458 , cut 
by Bioptechs Inc. ) . The shape ensured complete fluid 
exchanges when compared with a rectangular cut . The 
Kalrez material had ideal compressibility with a shore 
durometer A of 70 and had chemical inertness to trifluoro 
acetic acid . 

Description of Preferred Embodiments 
[ 0299 ] The peptide sequencing technologies described 
above may be useful not only for analyzing biological 
samples , but for the development of a novel polymer syn 
thesis and sequencing schema . In one embodiment , the 
present invention contemplates a method for selecting 
sequence - specific , functional polymers , including polymers 
comprising non - natural amino acid derivatives as mono 
mers . 

[ 0300 ] In one embodiment , polymers are synthesized , 
sequenced , screened and selected . A variety of screening is 
contemplated , including assays that detect the binding to 
specific targets and assays that detect catalysts for specific 



US 2021/0072251 A9 Mar. 11 , 2021 
30 

[ 0306 ] The protein sequencing methods described herein 
are enabling for unnatural polymer discovery . That is to say , 
the same method described herein to sequence peptides / 
proteins using the 20 - natural amino acids can be used to 
sequence peptides / proteins made from unnatural amino 
acids , potentially including beta amino acids , and will 
provide a platform for future advances , such as deconvolut 
ing ' chemically translated nucleic acid libraries . While to 
our knowledge Edman degradation has never been applied 
to beta amino acids , the intramolecular cyclization reaction 
would form a 6 - membered ring , and therefore should occur 
rapidly . B amino acids have their amino group bonded to the 
B carbon rather than the a carbon as in the 20 standard 
biological amino acids . 
[ 0307 ] It is not intended that the present invention be 
limited to the precise nature of the unnatural polymers . 
Therefore , it is also not intended that the present invention 
be limited by the nature of the monomers used to make the 
unnatural polymers . However , by way of example , FIG . 18 
shows synthetic pathways for a group of contemplated 
monomers in a protected form to be used in Fmoc - based 
solid phase synthesis . The protected amino acids are desig 
nated with a “ p , ” such as pB and pV . All the syntheses start 
with two different versions of a protected amino acid . When 
the protecting group on the side chain is acid stable ( such as 
with PB , PC , PA , PV , ps , and pO ) , the carboxylate of the 
amino acid will initially be a tBu - ester , that can be depro 
tected with TFA in the presence of the carbocation trap 
anisole . Alternatively , when the side chain - protecting group 
is acid labile , one can start with a benzylprotected carboxy 
late of the amino acid , which can be deprotected byhydro 
genation ( pH and pT ) . In addition , because the solid - phase 
synthesis routine , in one embodiment , will use Fmoc - chem 
istry , the side chains of the amino acids used during peptide 
synthesis must all be stable to basic conditions . The side 
chains carry therefore acetals , t - Boc groups , or mono 
methoxytrityl ( Mmt ) for final deprotection with acid , as in 
standard solid phase peptide synthesis . The syntheses are 
simple enough that it is likely that all monomers can be 
made in gram ( or larger ) quantities for library screening and 
eventually for large - scale polymer synthesis . 
[ 0308 ] In one embodiment , peptide synthesis will proceed 
from the protected amino acid monomers discussed above . 
In one embodiment , the polymer starts with a Cys followed 
by eight random amino acids from the group [ B , C , H , and A ] 
followed by O ( FIG . 19A ) . Because Edman degradation 
starts from the N - terminus and incrementally removes each 
amino acid one at a time toward the C - terminus , the last 
amino acid in each decamer chain can be Cys to fix the 
peptide on the microscope slide surface . If we add a pre 
synthesized Cys - S dimer via olefin metathesis , one can build 
another library of 7 unnatural amino acids finished with an 
S to make the second 10 - mer ( “ in FIG . 19A represents an 
alkene created from metathesis ) . The third 10 - mer can start 
with Cys - S but can be followed by a random 8 - mer . 
[ 0309 ] Olefin metathesis is high yielding , and readily 
reversible by adding Grubbs catalyst and ethylene , thereby 
clipping the 30 - mer into three 10 - mers for immobilization 
for single molecule sequencing ( FIGS . 19B and C ) . Addi 
tionally , the placements of O and S act as markers to identify 
whether the 10 - mers were the C - terminal , the central , or the 
N - terminal peptides . Finally , in order to monitor libraries 
and individual polymers on surfaces and in solution , fluo 

rescent conjugates to terminal amines or Cysteine residues 
will be prepared using the cognate dyes shown in FIG . 17 . 
[ 0310 ] The present invention contemplates using mono 
mers to create combinatorial libraries of polymers . In one 
embodiment , the present invention contemplates a combi 
natorial library of B , H , V , and S , with 10 % C as should 
create a globular macromolecule that is on average 10 % 
cross - linked and possesses boronic acids , super - nucleo 
philes , conjugate acceptors , and hydrophobic side chains . 
Conversely , of course , the monomers could be primarily 
“ short monomers ” ( C , A , T , and O ) and potentially 20 % S. 
Now the unnatural 30 - mers would carry hydroxycarboxy 
lates , aldehydes , thiols , and olefins ( alkenes ) , and the extent 
of crosslinking would depend upon the addition of Grubbs 
catalyst and the concentration of added ethylene . The proper 
mixture of amino acids will need to be determined empiri 
cally to keep the libraries highly water soluble while retain 
ing binding characteristics . 
[ 0311 ] In one embodiment , one surface immobilizes poly 
mers of via C - terminal Cysteine residues , and carries out 
rounds of subtractive Edman degradation in which indi 
vidual amino acids ( and corresponding dyes ) are removed . 
Polymers can initially be immobilized in situ by the inclu 
sion of fluorous maleimide during the Cytop coating of the 
slide . During selections , polymers can be captured by 
including a fluorous thiol in the coating and shifting to 
oxidizing conditions . 
[ 0312 ] In parallel , the present invention contemplates a 
computational infrastructure required for the interpretation 
of single molecule imaging data . For peptide sequencing , a 
pipeline for rapid image analysis by modeling of a subpixel 
resolved point spread function for every peptide and esti 
mating its intensity has been developed ( FIG . 20 ) . After 
aligning the images after each Edman cycle we will track the 
fluorescent intensity of every single polymer molecule . 
[ 0313 ] Dyes illuminated for a considerable period of time 
may photobleach , although the microscope setup , the pho 
tostable dyes , and the imaging buffers used have made this 
a less serious concern . Image analysis should statistically 
separate true degradation versus false losses of molecules or 
emission . We start with simple statistical methods like 
moving average that can indicate a step - drop of intensity 
with cycle and help deconvolute a fluorescent pattern for 
every molecule . The acquired images processed will be in 
multidimensional parameter space , wherein every single 
polymer will be assigned a spatial coordinate along with its 
intensity profiles for every color channel over time . A 
computational infrastructure for parallelized image process 
ing and database structure can be implemented . Integrating 
the statistical and image alignment packages into a compu 
tational pipeline will enable tracking the intensity profile of 
every single polymer as a function of Edman cycle . 

22 Experimental 
[ 0314 ] The following are examples that further illustrate 
embodiments contemplated by the present invention . It is 
not intended that these examples provide any limitations on 
the present invention . 
[ 0315 ] In the experimental disclosure that follows , the 
following abbreviations apply : eq . or eqs . ( equivalents ) ; M 
( Molar ) ; uM ( micromolar ) ; N ( Normal ) ; mol ( moles ) ; mmol 
( millimoles ) ; umol ( micromoles ) ; nmol ( nanomoles ) ; 
pmoles ( picomoles ) ; g ( grams ) ; mg ( milligrams ) ; ug ( micro 
grams ) ; ng ( nanogram ) ; vol ( volume ) ; w / v ( weight to vol 
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ume ) ; v / v ( volume to volume ) ; L ( liters ) ; ml ( milliliters ) ;. ?L 
( microliters ) ; cm ( centimeters ) ; mm ( millimeters ) ; um ( mi 
crometers ) ; nm ( nanometers ) ; C ( degrees Centigrade ) ; rpm 
( revolutions per minute ) ; DNA ( deoxyribonucleic acid ) ; 
kDal ( kilodaltons ) . 
I. Single Molecule Sequencing . 
[ 0316 ] FIG . 4 depicts one embodiment of the single 
molecule peptide sequencing method . Briefly , selective 
labeling of amino acids on immobilized peptides followed 
by successive cycles of labeling and removal of the pep 
tides ’ amino - terminal amino acids is capable of producing 
patterns sufficiently reflective of their sequences to allow 
unique identification of a majority of proteins in the yeast 
and human proteomes . FIG . 5 shows the simplest scheme 
with 2 fluorescent colors ( i.e. “ fluors ” or “ labels ” ) , in which 
fluor 2 ( red star ) labels the peptide amino termini ( N - ter 
mini ) over successive cycles of removal of the N - terminal 
amino acids and re - labeling of the resulting new N - termini , 
and fluor 1 ( green star ) labels Lysine ( K ) residues . The 
immobilization of fluor 2 on a peptide serves as an indicator 
that the Edman reaction initiated successfully ; its removal 
following a solvent change indicates that the reaction com 
pleted successfully . Fluor 2 thus serves as an internal error 
check - i.e . , indicating for each peptide which Edman cycles 
have initiated and completed successfully — and gives a 
count of amino acids removed from each peptide , as well as 
reporting the locations of all peptides being sequenced . 
Fluor 1 serves to indicate when Lysines are removed , which , 
in combination with the reporting of each Edman cycle by 
fluor 2 , gives the resulting sequence profile ( e.g .. XKX 
.. below ) that will be used to identify the peptide by 

comparison with a database of possible protein sequences 
from the organism being sequenced . In another embodiment , 
a second fluorescent label is not used ; instead , a non 
fluorescent version of the reagent which labels and removes 
the amino termini in successive cycles is employed ; in this 
embodiment , cycles are simply counted , resulting in the 
same sequence patterns ( e.g. ... XKX ... ) as in the above 
embodiment but without providing an internal error check 
for the successful initiation / completion of each Edman reac 
tion cycle . 
[ 0317 ] A ) Identification of Proteins in Yeast and Human 
Proteomes . 
[ 0318 ] FIG . 6 demonstrates that selective labeling of 
amino acids on immobilized peptides followed by succes 
sive cycles of labeling and removal of their amino - terminal 
amino acids is capable of producing patterns sufficiently 
reflective of their sequences to allow unique identification of 
a majority of proteins in the yeast and human proteomes . 
Plotted curves show results of computer simulation of 
successive cleavage of single N - terminal amino acids from 
all proteolytic peptides derived from the complete human or 
yeast proteome , top and bottom plots respectively . This FIG . 
6 depicts the results of various cutting ( “ Cut ” ) and labeling 
( “ Label ” ) scenarios . For example , " Cut E ” indicates that all 
human proteins were proteolyzed with the peptidase GluC in 
order to cut each protein after glutamate ( “ E ” ) residues . 
Similarly , “ Label ” simulates the results of initially labeling 
different subsets of amino acid residues . For example , 
“ Label K ” indicates that only Lysine ( “ K ” ) amino acid 
residues carry a detectable label ( e.g. a fluorescent molecule 
observable by single molecule fluorescence microscopy ) . 
The sequencing reaction is not allowed to proceed beyond 

the Cysteine ( “ C ” ) residue since they are used to anchor the 
peptide sequence . FIG . 5 demonstrates that labeling schemes 
employing only two or three amino acid - specific fluorescent 
labels can provide patterns capable of uniquely identifying 
at least one peptide from a substantial fraction of the human 
or yeast proteins . Given that only one peptide is required to 
identify the presence of an individual protein in a protein 
mixture , and further given that the peptide may be observed 
repeatedly and the number of observations counted , FIG . 6 
demonstrates that this approach may both identify and 
quantify a large proportion of proteins in highly complex 
protein mixtures . This capability requires that the genomic 
sequence of the organism being analyzed is available to 
serve as a reference for the observed amino acid patterns . As 
indicated above , the complete human and yeast genomes are 
available to match against patterns of amino acid labels ( e.g. 
“ XXXKXXXKKXXXTX ... C ... E ” ( SEQ ID NO : 17 ) ) . 
[ 0319 ] B ) Lysine Content . 
[ 0320 ] FIG . 7 demonstrates that the numbers of Lysines 
per peptide are sufficiently low to monitor their count based 
on fluorescence intensity . The present method requires the 
ability to distinguish ( i.e. resolve ) different numbers of 
fluorescent molecules based on fluorescence intensity ; how 
ever , resolution naturally decreases as the number of Lysines 
in a single peptide increase . For example , while distinguish 
ing 3 Lysines from 2 Lysines only requires detecting a 33 % 
decrease in fluorescence intensity , high Lysine counts would 
require detecting proportionally smaller changes in fluores 
cence intensity ( e.g. only 5 % for the case of 21 Lysines 
versus 20 Lysines ) . Fortunately , the natural distribution of 
Lysine residues in peptides tends to be small ( top plot , 
shown for the yeast proteome ) , and therefore within the 
capacity of current fluorescent microscopes . The simulations 
depicted in FIG . 7 demonstrate that limiting sequencing to 
peptides with no more than eight Lysines nearly provides 
coverage for the full set of peptides in the yeast proteome 
( bottom plot , shown for the case of labeling K , cutting at E 
with Gluc , anchoring by C ) . 

II . Two - Color Single - Molecule Peptide Sequencing 
Reaction . 

[ 0321 ] Proteins may be analyzed from natural or synthetic 
sources collected using standard protocols . For example , 
proteins may be isolated from human cells obtained from 
blood samples , tumor biopsies or in vitro cell cultures . In 
one embodiment , the present invention contemplates a two 
color single molecule peptide sequencing reaction . In other 
embodiments , protein sequencing protocols may include 
more than two fluorescent molecules ( e.g. covalently label 
ing a third fluorescent molecule with an additional type of 
amino acid ) to provide greater protein sequence and / or 
protein profile information . 
[ 0322 ] A ) Cell Sample Preparation . 
[ 0323 ] Isolated cells are resuspended in a standard lysis 
buffer that includes a reducing agent such as Dithiothreitol 
( DTT ) to denature proteins and break disulphide linkages 
and a protease inhibitor cocktail to prevent further protein 
degradation . Cells are lysed by homogenization or other 
lysis technique and the lysate centrifuged to obtain soluble 
cytosolic proteins ( supernatant ) and insoluble membrane 
bound proteins ( pellet ) . Samples may be further fraction 
ated , e.g. by chromatography , gel electrophoresis , or other 
methods to isolate specific protein fractions of interest . The 
protein mixtures are denatured in a solution containing , for 
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example , urea or trifluoroethanol ( TFE ) and the disulfide 
bonds are reduced to free thiol group via the addition of 
reducing agents such as tris ( 2 - carboxyethyl ) phosphine 
( TCEP ) or DTT . 
[ 0324 ] B ) Protein Digestion , Labeling and Anchoring . 
[ 0325 ] Protein preparations are then digested by specific 
endopeptidases ( e.g. GluC ) , which selectively cleave the 
peptide bonds ' C - terminal to glutamic acid residue . The 
resulting peptides are labeled by a fluorescent Edman 
reagent ( label 1 ) such as fluorescein isothiocyanate ( FITC ) , 
rhodamine isothiocyanate or other synthesized fluorescent 
isothiocyanate derivative ( e.g. , Cy3 - ITC , Cy5 - ITC ) . Con 
siderations in choosing the first fluorescent Edman reagent 
( label 1 ) include 1 ) good reactivity towards available amine 
groups on Lysine residues and the N - terminus , 2 ) high 
quantum yield of the fluorescent signal , 3 ) reduced tendency 
for fluorescent quenching , and 4 ) stability of the fluorescent 
molecule across the required range of pH . 
[ 0326 ] Labeled peptides are then anchored to an activated 
glass or quartz substrate for imaging and analysis . In one 
embodiment , the substrate is glass coated with a low density 
of maleimide , which is chemically reactive to available 
sulfydryl groups ( SH– ) on the Cysteine residues in a subset 
of the peptide molecules . In a preferred embodiment , the 
substrate is glass coated with a layer of N- ( 2 - aminoethyl ) 
3 - aminopropyl trimethoxy silane and then passivated with a 
layer of methoxy - poly ( ethylene glycol ) doped with 2-5 % 
maleimide - polyethylene glycol ) , the latter of which is 
chemically reactive to available sulfhydryl groups ( SH ) 
on the cyesteine residues in a subset of the peptide mol 
ecules . In this embodiment only peptides that contain Cys 
teine residues are anchored to the solid surface ; peptides that 
do not contain Cysteine residues are washed away in suc 
cessive steps . In a preferred embodiment , peptides are 
preferably anchored with a surface density that is low 
enough to permit the resolution of single molecules during 
subsequent microscopy steps . In one embodiment , the order 
of the labeling and anchoring steps may be reversed , for 
example if required by the coupling decoupling rate of the 
Edman reagent and its ability to produce thioazolinone 
N - terminal amino acid derivatives . 
[ 0327 ] C ) Edman Sequencing in a Microscope Flow Cell . 
[ 0328 ] Following labeling and anchoring of the peptides 
the substrate ( e.g. , glass slide ) is introduced into a flow cell 
in a fluorescence microscope equipped with total internal 
reflection illumination , which reduces background fluores 
cence . The flow cell is washed with purified water to clean 
the surface . Steps 2 and 3 correspond to the Edman coupling 
steps , which are performed repeatedly with fluorescence 
microscopy images collected twice in each cycle once 
after cleavage and once after re - labeling . FIG . 10 is a 
diagram showing one embodiment of the working principle 
of a total internal reflectance fluorescence ( TIRF ) micros 
copy setup that can be used in sequence analysis . Other 
embodiments of the microscopy setup include the use of a scanning confocal microscope for visualizing the single 
molecules or a dove prism for performing TIRF . Using a 
motorized microscope stage with automated focus control to 
image multiple stage positions in the flow cell may allow 
millions of individual single peptides ( or more ) to be 
sequenced in one experiment ( see FIG . 10 , FIG . 11 , and FIG . 
12 ) . 
[ 0329 ] In the cleavage step trifluoroacetic acid ( TFA ) is 
introduced into the flow cell and incubated to complete the 

cleavage reaction . The liberated thiazolinone N - terminal 
amino acid derivative and residual TFA is washed away with 
an organic solvent such as -ethyl acetate . In a preferred 
embodiment , other solvents may be used to ensure that side 
products produced are effectively removed . In the re - label 
ing step the N - terminus of the anchored peptides is re 
labeled with a second Edman fluorescent reagent ( label 2 ) 
under mildly basic conditions . Considerations in choosing 
the second Edman fluorescent reagent ( label 2 ) include 
limiting fluorescence bleedthrough ( spectral crossover ) with 
label by selecting fluorophores having well - separated 
absorption and emission spectra such that the fluors can be 
independently observed via microscopy , and having an 
efficient rate of decoupling from the labeled N - terminal 
amino acid . In one embodiment , portions of the emission 
spectrum of said first label do not overlap with the emission 
spectrum of said second label . The cleavage and re - labeling 
steps ( steps 2 and 3 , respectively ) are then repeated in cycles 
( i.e. , treating peptides to the successive rounds of Edman 
chemistry , involving TFA wash , vacuum dry , etc. ) with 
fluorescence microscopy imaging at each step , as described 
below , until sufficient data is collected ( e.g. , 20 or 30 cycles ) . 
[ 0330 ] D ) Single Molecule Fluorescence Microscopy . 
[ 0331 ] In one embodiment , a conventional microscope 
equipped with total internal reflection illumination and an 
intensified charge - couple device ( CCD ) detector may be 
used for imaging . ( For an example of such a scope appro 
priate for single molecule imaging , see Braslaysky et al . , 
PNAS , 100 ( 7 ) : 3960-4 ( 2003 ) [ 4 ] , ( herein incorporated by 
reference ) . Depending on the absorption and emission spec 
tra of the two fluorescent Edman labels employed , appro 
priate filters ( for example , a central wavelength of 515 nm 
for FITC and 630 nm for a rhodamine - ITC derivative ) are 
used to record the emission intensity of the two labels . 
Imaging with a high sensitivity CCD camera allows the 
instrument to simultaneously record the fluorescent intensity 
of multiple single peptide molecules distributed across the 
glass surface . In one embodiment , image collection is per 
formed using an image splitter that directs light through two 
band pass filters ( one suitable for each fluorescent molecule ) 
to be recorded as two side - by - side images on the CCD 
surface . FIG . 10 is a diagram showing one embodiment of 
a total internal reflectance fluorescence ( TIRF ) microscopy 
setup that can be used in sequence analysis . Using a motor 
ized microscope stage with automated focus control to 
image multiple stage positions in the flow cell may allow 
millions of individual single peptides ( or more ) to be 
sequenced in one experiment ( see FIG . 10 , FIG . 11 , and FIG . 
12 ) . By way of comparison , current generation single mol 
ecule DNA sequencers ( e.g. , available from Hel s ) can 
sequence approximately 1 billion single DNA molecules per 
experiment . 
( 0332 ] As described above , for each Edman cycle the 
fluorescence intensity of label 1 will be recorded after each 
cleavage step . After the very first round of removal of label 
1 ( which corresponds to removing the labeled N - terminal 
amino acid ) , this label will exclusively label Lysine residues 
in the immobilized peptides , with a fluorescence intensity 
proportional to the count of Lysines in a given peptide . The 
loss and uptake of label 2 measured after each cleavage step 
and coupling step , respectively , serves as 1 ) a counter for the 
number of amino acid residues removed , and 2 ) an internal 
error control indicating the successful completion of each 
round of Edman degradation for each immobilized peptide . 
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[ 0333 ] E ) Bioinformatic Analysis . 
[ 0334 ] Following image processing to filter noise and 
identify the location of peptides , as well as to map the 
locations of the same peptides across the set of collected 
images , intensity profiles for label 1 and label 2 are associ 
ated with each peptide as a function of Edman cycle . The 
label 1 intensity profile of each error free peptide sequencing 
reaction ( determined by the cycling of label 2 ) is trans 
formed into a binary sequence ( e.g. , 00010001100 ) in which 
a “ 1 ” precedes a drop in fluorescence intensity of label 1 and 
its location ( i.e. position within the binary sequence ) iden 
tifies the number of Edman cycles performed . This 
sequence , termed the binary intensity profile , represents a 
simplified version of the experimentally derived peptide 
sequence . 
[ 0335 ] The method has the ability to identify the location 
of peptides as well as the ability to follow these peptides 
after a number of steps . FIG . 13 shows one embodiment of 
labeled Lysines ( amine - reactive dye HiLyte 647 ) attached by 
Cysteines to maleimide - PEG quartz surface . The different 
pattern of fluorescence intensity with the different labeled 
Lysine content is revealed . The reactive dye used , HiLyte 
FluorTM 647 succidinimyl ester , is an amine - reactive fluo 
rescent labeling dye that generates the conjugates that are 
slightly red - shifted compared to those of Cy5 dyes , resulting 
in an optimal match to filters designed for Cy5 dye . Its 
conjugate may have better performance than Cy5 for fluo 
rescence polarization - based assays . FIG . 14 shows a com 
parison of single fluorescently - labeled peptides and alternate 
channel revealing low background fluorescence . When ana 
lyzing the peptides , one can observe the difference in the 
Edman degradation of the labeled single peptide molecules 
between a peptide that contains one versus two labeled 
Lysines ( see FIG . 15 ) . The fluorescence signal drops when 
the labeled Lysine is removed . Only fluorescence signal is 
found with labeled Lysines . One can also use quantum dots 
as a guide in analysis of large numbers of peptides from by 
scanning the microscope and tiling images ( see FIG . 16 ) . 
[ 0336 ] A database of predicted potential proteins for the 
organism under investigation is used as a reference database . 
For example , in one embodiment the human protein data 
base , compiled from the UniProt protein sequence database 
and containing 20,252 translated protein sequences , may be 
used as the reference dataset . A list of potential peptides is 
generated by simulating the proteolysis , labeling and 
anchoring approach used in the experiment . In the example 
provided above , this corresponds to cutting by Gluc , label 
ing of Lysines and anchoring of peptides via Cysteines . Each 
unique peptide generated in this simulation may be trans 
formed to its corresponding binary sequence ( e.g. 
0001000110 ) , retaining its mapping to the protein sequence 
and ID from which it was formed . This creates a lookup 
database indexing potential binary sequences derived from 
that organism's proteome to unique protein IDs . 
[ 0337 ] The binary intensity profile of each peptide , as 
generated from the single molecule microscopy , is then 
compared to the entries in the simulated peptide database 
( step 3 ) . This provides the protein ID , if available , from 
which the peptide is uniquely derived . Performing this 
lookup over all measured profiles results in the identification 
of the set of proteins composing the complex protein mix 
ture . Many binary intensity profiles may not have a unique 
match in the database . In one embodiment , advanced bio 
informatics analyses could consider the multiplicity of 

matches and infer the most likely proteins present . In 
another embodiment , a simple approach is to just ignore all 
of these cases and rely only upon uniquely matching cases 
to build evidence for proteins being present . Quantitation is 
then accomplished by counting peptides derived from each 
protein observed . Since this approach is intrinsically digital , 
the count of peptides from each protein should be propor 
tional to the abundance of the protein in the mixture . In 
another embodiment , the efficiencies of the reaction steps , 
including the labeling , Edman reagent coupling , and Edman 
reagent cleavage reactions can be measured or estimated and 
then incorporated in the computational search of the pro 
teome sequences in order to provide a probabilistic estimate 
of the identification of a particular peptide or protein in the 
database . 
[ 0338 ] F ) Variations . 
[ 0339 ] Variants to the above protocol are contemplated . In 
one embodiment , to improve signal to noise during single 
molecule imaging , oxygen- and free radical - scavenging and 
triple quenching components are included in the solution 
( e.g. , see Harris et al . , Science 320 , 106 ( 2008 ) [ 5 ] , ( herein 
incorporated by reference ) . In another embodiment , the 
surface of the solid support can be modified chemically , such 
as by coating with polyethylene glycol , in order to suppress 
nonspecific adsorption to the surface and thus improve the 
signal to noise ratio for the fluorescent detection of peptides . 
In another embodiment , more than two fluorescent mol 
ecules may be used to label additional amino acids . Such an 
approach might involve , for example , covalently labeling 
Lysines with a fluorescent Edman reagent prior to sequenc 
ing ( as described above ) and also covalently labeling amino 
acids with carboxylate side chains ( e.g. , glutamate , aspar 
tate ) with a second fluorescent molecule ( chosen for spectral 
compatibility ) , then proceeding with Edman degradation 
cycles using an Edman reagent labeled with a third fluores 
cent molecule . This method would provide more informa 
tion - rich sequence profiles for identifying many more pep 
tides . In another embodiment , an alternate imaging strategy 
involves the use of scanning confocal microscopy . In yet 
another embodiment , the cleavage / re - labeling steps of the 
Edman reaction are replaced with a protocol in which the 
re - labeling is performed using the Edman label 2 ( as above ) , 
but then the cleavage step is performed using an aminopep 
tidase enzyme to remove the labeled amino - terminal amino 
acid . This would allow all reactions to be performed in 
aqueous solvent and simplify the apparatus by decreasing 
the need for organic solvents . In this embodiment , the 
aminopeptidase would be selected such that it requires and 
tolerates the presence of label 2 on the amino - terminal 
amino acid , therefore it would likely have to be optimized 
using in vitro evolution techniques to be suitable for use in 
sequencing 
[ 0340 ] In yet another embodiment , the successful removal 
of amino acids occurs from the carboxy terminus of the 
peptide , thereby revealing C - terminal sequences instead of 
N - terminal sequences . In a preferred embodiment , this 
approach employs , for example , engineered carboxypepti 
dases or small molecule reagents reacting analogous to the 
N - terminal Edman chemistry but operating from the C - ter 
minus of the peptide . 

EXAMPLE I 

Photolithography on Aminosilane Slides 
[ 0341 ] This example describes one embodiment for pre 
paring a surface , involving the steps of cleaning of the slides , 
aminosilane deposition , and attachment of fluorophores . 
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EXAMPLE II 

Exemplary Methods and Materials Used for 
Example III 

[ 0342 ] Cleaning of slides : The 40 mm glass coverslips 
( Bioptechs Inc , Butler , Pa . , USA ) was cleaned by sonicating 
the coverslips at maximum power for twenty minutes with 
10 % Alconox ( detergent ) , followed by acetone , 90 % Etha 
nol and finally 1 M Potassium hydroxide ( KOH ) . Between 
each of the different solutions , the slips were thoroughly 
rinsed with deionised water and sonicated in water for 5 
minutes . The slides were dried at 110 C for 2 h in an oven . 
To completely clean these glass coverslip and hydroxylate 
the surface , oxygen plasma was performed . The clean - dried 
coverslips were placed on the platform of oxygen plasma 
equipment in the Center for Nano and Materials Science 
( CNM ) facility clean room ( March Plasma CS1701F RIE 
etching system ) . The operating conditions for cleaning the 
slides were Power - 120W ; Base Pressure - 90m Torr ; Time 
120secs and 30 % Oxygen . 
[ 0343 ] Aminosilane deposition : Slides were incubated 
with aminosilane solvent ( 1 % w of 99 % pure aminopropy 
ltriethoxysilane ( APTES ) was mixed with Methanol , acidi 
fied with 5 % vv glacial acetic acid ) for 30 mins with a 
1 - minute sonication to remove physioadsorbed polymer . 
The self - assembled polymer layer forms a hydrophilic coat 
ing of the glass surface and provides for a surface exposed 
amine functional group . 
[ 0344 ] Positive photoresist ( S18-18 ) was deposited by 
spin coating on the slides ( 1000 rpm for 1 min ) . It was then 
soft baked at 110 C for 5 mins . Square shaped patterns of 20 
um was created on the photoresist by using Suss Mask 
Aligner ( at the CNM facility ) with a UV350 nm illumina 
tion . The unpolymerised photoresist was removed by devel 
oper solvent ( MF - 319 ) and the aminosilane interspersed 
between the square patterns were etched away by oxygen 
plasma using the March Plasma equipment at the CNM 
facility . The unetched photoresist was removed by acetone 
solvent wash and sonication . This process generates a glass 
slide with pillars of 20 um squares of aminosilane inter 
spersed with clean and unfunctionalized glass . 
[ 0345 ] Fluorophore attachment : 2 uM of Alexa fluor 555 
NHS in PBS was incubated on the patterned aminosilane 
slide for 2 hours . Non - specifically bound fluorophores were 
removed by washes of wash buffer ( PBS with 1 % Triton , 1 % 
SDS and 0.1 % Tween ) and DMF . The slide was housed in 
the FCS2 fluidic chamber ( Bioptechs Inc ) altered with a 
Kalrez® ( Dupont Inc ) gasket material . Images were acquired 
at 200 ms on an xion - X3 camera ( Andor , Belfast , UK ) 
cooled to -70 C. 
[ 0346 ] Five cycles of Edman degradation was performed 
on the patterned aminosilane slide . As shown in FIG . 21 , the 
dye and bond are stable to this chemistry . 

Amine Coating on Beads . 
[ 0352 ] The commercially available 100 um Tentagels 
NH2 resin beads ( Cat # 04773 , Chem - Impex International 
Inc. , IL , USA ) , made of amine functionalized PEG chains 
grafted on polystyrene beads , was used as such for the 
experiments . For the preparation of 100 um glass beads ( Cat 
# 4649 , Sigma Aldrich , Mo. , USA ) with an amine function 
alized surface , the beads were loaded into syringe with frit 
( Cat # NC9214213 , Thermo Fisher ) and first cleaned by 
repeated washes of 5 % Alconox ( detergent ) , followed by 
acetone , 90 % Ethanol and finally 1 M Potassium hydroxide 
( KOH ) . Between each of the different solutions , the beads 
were thoroughly washed with de - ionized water . The ami 
nosilane coating step was carried out by gently shaking the 
cleaned beads for lh at room temperature in a solution of 
10 % Aminopropyltriethoxysilane ( Cat # SIA0610.1 Gelest 
Inc. , PA , USA ) in the acidified 5 % v / v of acetic acid / 
methanol solvent . The beads were washed with methanol 
and water before vacuum drying . 

Peptides Used in the Study . 
[ 0353 ] The sequences and modifications of the custom 
peptides ( provided by Dr. Eric Anslyn ) are ( a ) ( fmoc ) -K 
[ TMR ] A , ( b ) ( fmoc ) -GK [ TMRJA , ( c ) ( boc ) -K [ rhodamine 
101 ] A , ( d ) ( boc ) -K [ rhodamine B ] A , ( e ) ( boc ) -K [ rhodamine 
B - DMEDA ] A and ( f ) ( fmoc ) -K [ TMR ] AK [ TMR ] A ( SEQ ID 
NO : 15 ) . Expansions of the abbreviations are -fmoc : fluo 
renylmethyloxycarbonyl , boc : butyloxycarbonyl , TMR : 
tetramethylrhodamine . The structures of the four rhodamine 
variants used are shown in FIG . 39. Peptides were synthe 
sized using a standard automated solid - phase peptide syn 
thesizer , and purified using high - performance liquid chro 
matography ( HPLC ) or C18 solid phase extraction . 

Peptide Immobilization . 
[ 0354 ] For immobilizing peptide via the carboxyl group of 
the C - terminal amino acid , EDC chemistry [ 135 ] was used . 
About 40 nano - mole of the peptide , with the blocked amine 
at its N - terminal amino acid , was incubated with IVIES 
coupling buffer , comprising 6 mM EDC ( 1 - ethyl - 3- ( 3 - dim 
ethylaminopropyl ) carbodiimide hydrochloride ; Cat # 22980 , 
Thermo Scientific ) , 5 mM NHS ( N - hydroxysulfosuccinim 
ide ; Cat # 24599 , Thermo Scientific ) in 0.1 M MES buffer 
( pH 4.3 ; Cat # 28390 , Thermo Scientific ) , for 1 h at room 
temperature . After appropriately diluting the activated pep 
tides with 2 mM Sodium bicarbonate buffer ( pH 8.2 ; Cat 
# S233-3 , Fisher Scientific ) , ~ 20 mg of amine functionalized 
beads were mixed and incubated for 16 h at room tempera 
ture . 
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[ 0350 ] 4. Braslaysky , et al . ( 2003 ) Sequence information 
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Fluorophore Immobilization . 
[ 0355 ] The fluorophores used were either commercially 
purchased ( from a number of distributors and vendors , 
predominantly Life Technologies , Sigma and Pierce ) as a 
succinimidyl ester or chemically derivatized into that reac 
tive form . The fluorophores , dissolved in dimethylforma 
mide ( DMF ) , were diluted in 2 mM Sodium bicarbonate 
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solution ( pH 8.2 ) to the appropriate concentration and incu 
bated with Tentagel or glass beads for 16 hours prior to use . 

for the fluorescent channels . Scripts were written in python 
using different publicly available image processing library 
such as openCV [ 138 ] . 

EXAMPLE III 
Edman Degradation Procedure . 
[ 0356 ] The peptide functionalized beads were added into 
the syringes with frit , washed with DMF , dichloromethane 
( DCM ) and methanol and dried under vacuum for 20 
minutes . 20 % Piperidine in DMF or 90 % TFA in water was 
used to deprotect the fmoc or boc derivatized peptides 
respectively . In ief , the Edman reaction of the deprotected 
peptides on beads comprised of incubating the beads in 20 % 
phenylisothiocyanate ( v / v in pyridine ) for 30 minutes at 40 ° 
C. for the coupling condition , followed by incubating in TFA 
for 30 minutes at 40 ° C. for the cleavage of the N - terminal 
amino acid from the peptide backbone . After the coupling 
and cleavage condition , the beads were washed with Ethyl 
acetate solution for 5 minutes with constant shaking . Fol 
lowing the Edman reaction and before imaging , the beads 
were washed thoroughly with DMF , DCM and methanol . 
Solvents used were reagent grade solvents purchased from 
Sigma Aldrich ( MO , USA ) . For Mock experimental cycle , 
the entire Edman reaction was performed but PITC was not 
added to the coupling reagent . 

Imaging of Beads . 

[ 0357 ] A tiny portion ( ~ 0.5 mg ) of the solvent washed and 
vacuum dried beads , which was added to 50 uL of pH 1 
( 0.1M KC1 / HCl buffer ) or other imaging buffers , was spot 
ted on a clean glass slide . The beads were sandwiched with 
a coverslip and its sides were taped . The DIC and epi 
fluorescence images of the beads were obtained using a 
Nikon Eclipse TE2000 - E inverted microscope ( Nikon Inc. , 
Japan ) . The images of the beads were acquired at different 
exposure times with a Cascade II 512 camera ( Photometrics , 
AZ , USA ) on a Nikon Apo 10x / NA 0.45 objective . A 
combination of excitation filters DAPI - AT350 / 50 ( 340 
380 nm ) , FITC - ET490 / 20 ( 465-495 nm ) , TRITC — ET555 / 
25 ( 528-553 nm ) and Cy5 — ET670 ( 590-640 nm ) and 
emission filters DAPI - ET460 / 50 ( 435-485 nm ) , FITC 
ET525 / 36 ( 515-555 nm ) , TRITC— ET605 / 52 ( 590-650 nm ) 
or Cy5 — ET700 / 60 ( 640-730 nm ) were used ( Chroma Tech 
nology Corp , VT , USA ) . The use of corresponding excita 
tion and emission filter set for the experiments described is 
represented by their filter name like DAPI , FITC , TRITC 
and Cy5 in the experiments . The Sutter Lambda 10-3 lter 
wheels ( Sutter Instrument , CA , USA ) , motorized stage 
( Prior Scientific Inc. MA , USA ) and image acquisition were 
driven by Nikon NIS Elements Imaging Software . 

Tentagel® Beads as a Platform for Immobilizing 
Fluorophores and Peptides and Effects of pH on 

Imaging Buffers 
[ 0359 ] This example demonstrates embodiments for using 
beads , including optimizing the chemistry , i.e. by image 
acquisition and processing and quantitating the fluorescent 
peptide density ( see FIG . 35 ) for immobilizing fluorophores 
and peptides . 
[ 0360 ] Among the number of other commercially avail 
able beads such as controlled pore glass , magnetic beads , 
polystyrene beads etc. , Tentagel beads have a set of advan 
tages for this study due to their compressibility ( suitable for 
imaging by sandwiching them between glass slides ) , high 
peripheral density of functional groups ( enables quantitation 
of bound peptides and discriminating the non - specifically 
attached peptides ) [ McAlpine S R , Schreiber S L. Visualiz 
ing Functional Group Distribution in Solid - Support Beads 
by Using Optical Analysis . Chem - A Eur J. 1999 ; 5 : 
3528-3532 . ] and availability as micron sized beads ( facili 
tating imaging and ability to be retained in many fritted 
syringes ) . As shown herein , amine functionalized Tentagel 
beads were shortlisted to fluorophore choices contemplated 
for performing fluorosequencing , establishing the scheme 
for immobilizing peptides to the bead via their carboxyl 
termini and by optimizing the Edman degradation proce 
dure , then test for discriminating between multiple peptides 
based on the position of their fluorescently labeled Lysine 
residues . 
[ 0361 ] As shown in a schematic and bead imaging over 
view in FIG . 35 , specific binding of fluorophores to func 
tionalized Tentagel beads occurs at the periphery and density 
was measured by image processing . In brief , 100 um amine 
functionalized Tentagel beads is incubated with the succini 
dimyl ester form of dye or peptide to form the stable amide 
bond . Repeated solvent washes remove the majority of 
non - specifically bound dyes or peptides resulting in abun 
dant fluorescent signal at the bead periphery . A mask of 
every bead is generated and a radial intensity sweep for the 
fluorescent channel across each bead is performed . The 
radial intensity profile for a bead is normalized and shape 
corrected using a non - specifically bound dye on bead as a 
control . The area under the normalized radial intensity 
across all beads for an experiment is the density of the truly 
bound fluorophore or fluorescently labeled peptide on the 
bead . The scale bar shown in the fluorescent image is 200 
um . 
[ 0362 ] A : Discovering a Set of Fluorescent Dyes Resistant 
to Edman Degradation Solvents . 
[ 0363 ] Fluorophores , immobilized on Tentagel beads , 
were tested for changes in their fluorescence properties 
under prolonged 24 hour incubation at 40 ° C. with 9 : 1 v / v 
pyridine / PITC ( reagent used for coupling reaction ) and neat 
trifluoroacetic acid ( reagent used for cleavage reaction ) 
separately . Stability under these extreme conditions ascer 
tains usefulness in shorter experimental cycles . The test on 
a palette of different classes of commercially available dyes 
spanning four excitation and emission filter spectra indicated 
that only a small number of fluorophores were suitable for 

Image Analysis of Beads . 
[ 0358 ] For image processing and analysis , the circular 
outline of the beads was first identified by Hough algorithm . 
For a given fluorescent channels , the radial profile of every 
bead ( normalized with its radius ) was shape corrected with 
a negative bead profile ( the radial profile of the control bead 
with only adsorbed fluorophores ) . This profile was averaged 
across the beads under the experimental condition and area 
under the curve was calculated using the trapezoid method . 
For a different mode of image processing , when the peptide 
binding is not always on the periphery , masks were created 
for the identified bead in the DIC channel and the count 
density ( i.e. intensity / pixel ) under the masks were calculated 
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was 

the study . The fluorescence stability of the dyes after 24 h 
TFA and PITC / pyridine incubation shortlisted six fluoro 
phores that showed < 40 % change in fluorescence ( see FIG . 
36a ) . 
[ 0364 ] Among the narrowed set of fluorophores in the red 
and far - red fluorescence channels which showed a stable 
fluorescence , the dyes with rigid core structures such as 
rhodamine dyes ( tetramethyl rhodamine , Alexa Fluor 555 ) 
and atto dyes ( such as Atto647N , shown in FIG . 36b ) were 
used for further studies . Since the fluorescence imaging was 
performed at neutral pH , it is likely that the fluorescence 
properties of some of the chemically unstable fluorophores 
can be modified if the right protonation state is induced . 
Some dyes like Hilyte - 488 and BODIPY - FL showed shifts 
in their fluorescence spectra after their incubation under 
acidic conditions and were incapable of reverting back to its 
original fluorescence profile after solvent washes and incu 
bation with pH 7 buffer ( see FIG . 36b for BODIPY - FL 
example ) . 
[ 0365 ] While most of the dyes exhibited binding at the 
periphery , some fluorophores seemed to have high internal 
binding . Given the highly branched nature of the polysty 
rene bead matrix and the grafted polyethylene glycol layer , 
it is possible that the internal fluorescence represents non 
specific binding of the dyes to hydrophobic pockets . Many 
fluorophores , which were added in large excess , could 
possess different extents of non - specific binding despite the 
repeated washes with solvents . 
[ 0366 ] The reasons for the chemical instability of certain 
fluorophores are unclear and broad generalizations cannot be 
made based on core structure alone . Many commercially 
available fluorophores such as Hilyte647 ( Anaspec , Calif . , 
USA ) are packaged and sold with TFA salts and yet sur 
prisingly were not found to be acid stable under prolonged 
incubation . However , some empirical reasoning can explain 
the lack of stability of some fluorophores containing linear 
unsaturated bonds ( polyenes ) , such as those found in cya 
nine or some BODIPY and Alexa Fluor dyes under pro 
longed TFA incubation . It is hypothesized that the protona 
tion of unsaturated bonds under acidic conditions , induces a 
cis - trans isomerization reaction , thereby changing the under 
lying electronics of the fluorescence structure of the dyes 
[ 134 ] . Due to the commercial availability of cheap dyes and 
a long history on the study of rhodamine dyes and their 
functionalization , further studies involved rhodamine dyes , 
especially tetramethylrhodamine . 
[ 0367 ] B : The Amide Bond Formed Between Succinate 
Ester and Amine Coated Beads is Specific and Occurs at the 
Bead Periphery . 
[ 0368 ] The set of fluorophores discovered herein stable to 
the Edman solvents also highlights the fact that the amide 
bond formed between the succinimidyl ( succinate ) ester of 
the fluorophores and the free amines on the Tentagel bead 
was chemically inert to the harsh Edman conditions used in 
the experiment . The specificity of this amide bond formation 
was tested by comparing it with control experiments involv 
ing a carboxyl or a hydrazide functional group on Alexa 
Fluor 555 dye with the amine coated Tentagel beads ( see 
FIG . 37 ) . Internal binding of the dye was observed in these 
control experiments , while a clear peripheral binding was 
observed with the succinimidyl ester variant of the Alexa 
Fluor 555. It was not clear whether the nature of binding 
between a maleimide variant of Alexa Fluor 555 with the 
thiol Tentagel beads and the isothiocyanate derivative of the 

tetramethylrhodamine dye was specific . This might have 
been due to the poor loading of the fluorophore . The radial 
profile ( shown in the image inset ) elucidates the image 
processing methodology where covalently bound fluoro 
phores are clustered in the periphery of the beads while 
non - specifically adsorbed fluorophores are trapped within 
the beads . 
[ 0369 ] C : Peptides can be Covalently Immobilized by 
their Carboxyl Functional Group . 
[ 0370 ] Among the different immobilization schemes 
investigated , the knowledge of the stability of the amide 
bond between the succinate ester and amine surface was 
used to optimize a crosslinking procedure to immobilize 
peptides to the amine surface via their carboxyl termini 
[ 135 ] . Many solid phase Edman reactions have employed 
the use of EDC chemistry to immobilize peptides onto resin 
supports [ 85 ] . By performing EDC chemistry on amine 
coated glass beads and Tentagel beads , an exemplary 
scheme was developed for covalently immobilizing peptides 
on the solid supports . It is contemplated that the N - terminal 
amine group of the fluorescently labeled peptide protected 
by either boc or fmoc protecting group prevents the forma 
tion of the peptide concatemers . If the amines on the peptide 
are not protected , then amide bond formation would occur 
between the carboxyl and the free amine group of peptides 
in the presence of EDC . 
[ 0371 ] It was observed that the fluorescence intensity of 
these immobilized peptides on Tentagel beads 
unchanged with 24 hour incubation with the Edman solvents 
( see FIG . 38a ) . Owing to the probable presence of hydro 
phobic pockets between the polymer matrices in Tentagel 
beads , which may give rise to false interpretation of binding , 
the EDC test was also done on aminosilane coated glass 
beads ( FIG . 38b ) . Under conditions prohibiting amide bond 
formation , there was little to no binding on the glass beads . 
Thus was demonstrated a strategy to immobilize peptides 
covalently on amine surface and show the stability of the 
bonds and surface to incubations with Edman solvents . 
[ 0372 ] D : Fluorescence of Rhodamine Dyes is pH Depen 
dent . 
[ 0373 ] The fluorescence from rhodamine dyes has been 
known to be pH dependent [ 136 ] requiring efforts to deter 
mine the most suitable imaging buffer . The investigation of 
pH dependence on the fluorescence properties of four dif 
ferent rhodamine labeled peptides ( see FIG . 39 for structure 
and positional nomenclature for rhodamine dyes and the 
peptides ) , indicated an environmentally induced variation in 
their behavior . 
[ 0374 ] The acidic environment of the imaging buffer ( pH 
1.0 ) caused the highest fluorescence of the rhodamine 
labeled peptides ( FIG . 40a ) . However the pH effect was 
most profound in the case of peptides labeled with rhod 
amine B ( peptide A ) and rhodamine 101 ( peptide B ) . This 
effect did not seem to occur for the case of tetramethylrho 
damine labeled peptide ( peptide C ) . The peptides A and B 
showed pH dependent fluorescence because the amide nitro 
gen foound at the 3 ' position is closer to the carbon position 
at 9 ( or 1 ' ) and results in a 5 membered ring formation . This 
spirolactam ring is known to quench fluorescence and occurs 
at a pH higher than 3.1 [ 137 ] . This spirolactam formation 
does not occur for tetramethylrhodamine since the succinate 
ester is present at the 5'6 ' position is not accessible to the 
central ring . The spironolactone formation , involving a ring 
formation with the carboxylate oxygen ( at 3 ' position ) can 
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potentially quench fluorescence but requires a strong base 
such as piperidine . To test the hypothesis and prevent 
spirolactam formation in rhodamine B , we added an N , N 
dimethylethylenediamine ( DMEDA ) linker between the 
rhodamine B fluorophore and the aspartic acid side chain of 
the peptide resulting in the methylated amine at the 3 ' 
position . This prevented ring closure of the rhodamine B 
variant and was demonstrated by the independence of its 
fluorescence intensity with different pH imaging buffers . 
[ 0375 ] By exploiting the fluorescence dependence on pH 
for the different fluorophores , the fluorescence from a dye 
based on its pH and emission spectra is contemplated for use 
in the methods of the present inventions . While the highest 
fluorescence of rhodamine B dye was observed in pH 1 
buffer in the TRITC filter channel , the 5,6 - carboxynaphtho 
fluorescein had its highest intensity in the pH 10 buffer in the 
Cy5 filter channel ( FIG . 40b ) . 
[ 0376 ] This information is contemplated for use in a novel 
method of isolating two neighboring fluorophores from 
transferring resonance energy and thus preventing quench 
ing or FRET ( Forester Resonance Energy transfer ) behavior 
[ 37 ] . In one embodiment rhodamine dyes such as the ones 
used here would be used for this method . 
[ 0377 ] E. Edman Degradation Occurs at High Efficiency 
on Tentagel Beads . 
[ 0378 ] After determining the stability of the fluorophore 
and the amide bond between the peptide’s carboxyl and the 
surface's amine groups , we tested the efficiency of Edman 
chemistry on three different peptides differing in the position 
of its fluorescently labeled Lysine residue . Four cycles of 
Edman degradation were performed in parallel on the three 
peptides with the sequences ( fmoc ) -K * A , ( fmoc ) -GK * A 
and ( fmoc ) -K * AK * A ( SEQ ID NO : 15 ) ( K * represents the 
Lysine labeled with tetramethylrhodamine at its E position ) . 
The peptides were immobilized on Tentagel beads via their 
C - termini and the fmoc protecting group at their N - termini 
was removed by incubation with 20 % Piperidine in DMF for 
1 hour prior to Edman degradation . To control for any false 
enhancements or decreases in fluorescence of beads due to 
effect of solvents and not the Edman chemistry , the “ Mock ” 
degradation scheme of solvent incubation and washes were 
used . A “ Mock ” Edman cycle is similar to a regular Edman 
cycle , but without the reactive phenylisothiocyanate reagent 
in the coupling solvent . The fluorescence profile of the beads 
through the Mock and Edman degradation cycles shows a 
statistically significant step drop coinciding with the posi 
tion of the labeled Lysine . As shown in FIG . 41 , Edman 
degradation was performed on three tetramethylrhodamine 
labeled synthetic peptides ( K * A , GK * A and K * AK * A ( SEQ 
ID NO : 15 ) ) immobilized to Tentagel - NH2 beads via their 
C - terminal carboxyl group and blocked by fluorenyl 
methoxycarbonyl ( fmoc ) at their N - terminal amines . After 
deblocking the peptide , the step decrease in fluorescence 
intensity ( in the TRITC channel ) for each peptide coincided 
with the position of the labeled Lysine as shown in the bar 
chart ( a ) . Any loss of fluorescence occurring due to the use 
of solvents is controlled by the mock experimental cycle . A 
60-70 % decrease in the overall intensity after the Edman 
cycles is observed for all the beads . The panel of images 
( with the radial profile in the inset ) are representative 
fluorescent images of the beads for each of the peptide used 
across all the experimental cycles . They provide a visual 
illustration of the decrease in the fluorescence of the beads 
that coincides with the position of the labeled Lysine resi 

due . The fluorescent bead images are acquired in the TRITC 
channel ( see methods for filter setup used ) at an acquisition 
of 20 milliseconds under pH 1 imaging buffer . 
[ 0379 ] Thus by tracking the fluorescence intensity 
decrease with Edman cycle , the positional information of 
Lysine residues in the three peptides is obtained . The deter 
mination of this positional information is the basis for 
fluorosequencing . 
[ 0380 ] Thus , a protocol used for Edman degradation was 
adapted and optimized from similar solid phase chemistry 
[ 70,78 ] and showed efficiency of cleavage ranging from 
60-90 % . Since Tentagel beads are heavily PEGylated ( com 
prising of polyethylene glycol ( PEG ) polymers ) , a number 
of sites are contemplated as available for strong non - specific 
binding of the hydrophobic peptides . Due to the accumula 
tion of functional groups and thereby covalent peptide 
binding at the periphery of the bead the true fluorescence 
intensity of the peptides on the bead was calculated in the 
area under its radial profile . Due to the unambiguous occur 
rence of a two - step drop in fluorescence intensity at Edman 
cycle 2 and 4 for the doubly labeled peptide ( fmoc ) 
K * AK * A ( SEQ ID NO : 15 ) or the presence of a single step 
drop at Edman cycle 2 for the case of ( fmoc ) -GK * A , Edman 
efficiency eas estimated to be largely greater than 50 % , at 
least in the preceding steps . A lower efficiency would result 
in a decay of fluorescence with Edman cycles as opposed to 
a stepwise drop . The high efficiency of Edman degradation 
on these fluorescently labeled peptide variants demonstrate the practicality of performing fluorosequencing and Edman 
degradation on long fluorescently labeled peptides . 
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